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ABSTRACT 

This report contains the analysis and sxpsrissntal model 
testing of tht Oynaaic Antiresonant Vibration Isolator 
(SAVX) conducted under a research contract DA 44-177- 
AMC-196(T) at Kasan Aircraft Corporation« Bloosfield, 
Conaseticutj sponsored by U. 8. Any Aviation Materiel 
Laboratories, Fort Sustitf« Virginia« 

•        Theoretical analysis was conducted on the basic DAVI con- 
figuration (DAVI CC) to deteraine the vibration isolation 
performance with damping and to determine the shock 
transmissibility equations of the DAVI eL with and without 
damping. Theoretical analysis was also done on the Series* 
Damped DAVI (DAVI TO to determine optimum damping. 

Ixperimental model testing was then done by investigating 
various means of achieving damping in the configuration 
to determine its effect on the isolation and to determine 
the best possible pivot arrangements. From these results« 
an optimum experimental DAVI design was obtained. 

An experimental platform was constructed utilizing four 
optimum DAVI models for isolation. This configuration 
utilising the DAVI^ was capable of testing up to 200 
pounds, and the frequency was varied from 5 c.p.s. to 100 
c.p.s. to obtain the transmissibility curves. Drop tests 
of the DAVI platform were done and compared to drop tests 
of conventional spring-mass systems with the same spring 
rate. 

Results of the analysis and model testing show the DAVI 
to be capable of over 98-percent isolation at very low 
frequencies with low static deflections. The isolation 
provided by the DAVI ct configuration, at a tuned frequency, 
is independent of the mass of the Isolated item. Analysis 

. and drop tests show that the DAVIeL gives better shock 
transmissibility for its fundamental mode than a conven- 
tional isolation system with the same spring rate. 
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VIBBATIOW AMD ggOCK ISOLATIOW - THI 8TATI OF THI ART 

Shook or vibration isolators aro rssilisnt aounts placsd 
bstvooa a pioco of Mtchinsry or oquipaent and its support- 
ing structuro to attsnuato ths transsissibility of tiss 
dspsndsnt loadings froa the aachinery to ths structure, 
as in the case of reciprocating engines, or fro« the 
structure to the equipaent, as in the aounting of delicate 
iastruaents in vehicles. When the loadings are applied 
suddenly, producing a transient response in the isolated 
itea, the condition is referred to as shock. When the 
loadings are periodic and sustained for periods of tiae 
which are long in coaparison to their period, the dis- 
turbance is classified as vibration. 

All present shock and vibration isolators are basically 
only springs. Whether they incorporate daaping or not, 
vhether they are linear or nonlinear, aetallic, or non- 
aetallic, their priaary function is to act as purely 
resilient eleaents. 

All present vibration isolators operate on the 
principle: the transsissibility (that is, ths ratio of 
ths displaceaent of the isolatsd itea to the displacsaent 
of the opposite end of the Isolator) is less than one 
only If the natural frequency of the isolated aass on the 
Isolator is less than the excitation frequency divided by 
the square root of two. It is iapossible, for exaaple, 
to obtain 90-pereent isolation (0.1 transsissibility) 
with a conventional isolator unless the natural frequency 
of the Isolatsd aass on the isolator is Isss than one- 
third the forcing frequency. Incorporation of viscous 
daaping rsqulrss a still lover ratio of natural frequency 
to forcing frequency to achieve the saae aaount of iso- 
lation. 

«a HOBUM WITH OOKmiTlOHäL  IS0LAT0K8 

lbs aatural frequency of a singls-degree-of-freedoa body 
aountsd on a spring is a function of its static dsflection 
only« Ths static deflection Is defined as ths aaount ths 
spring dsflsets under ths weight of the body It supports, 
lbs grsatsr ths isolation dsslrsd, ths larger ths static 

r 



dtfleetlon Iweoaes, allowing larger excursions of the iso- 
lated body under a periodic excitation» such as maneuvers 
of a vehicle* Because the most severe shock loads occur 
in bottoming of the isolator, the "soft** mounting desirable 
from a vibration standpoint may be dangerous from a shock 
standpoint unless the body is permitted an extremely large 
space in which it can move under purely elastic restraint. 

For many reasons, the amount an isolated item can be 
allowed to deflect under load is necessarily limited, es- 
pecially in vehicles. The isolated equipment must ultimately 
be connected te structure through pipes, wires, linkages, 
or similar connectors which will be affected by large de- 
flections. Solder Joints, ior example, often fail in 
fatigue, resulting from continual deflection of wires. 
Space is generally limited to some degree. The most seri- 
ous prohibition on large deflections is caused, however, 
by considerations of stress and elastic stability in the 
mounts themselves. 

In the isolation of items from small deflections at very 
high frequencies, these problems are not conspicuous, but 
they are so obviously serious in the lower frequency range 
that they have most often rendered isolators entirely 
useless for vibration attenuation. Crede (Reference 5) 
notes, for example, that "The steady-state vibration of 
a Naval vessel occurs at a frequency that is generally too 
low to permit effective vibration isolation" • He con- 
tinues to explain that "The general philosophy in the de- 
sign of Isolators for Naval shipboard service is to design 
for protection against severe shock and, at the same time, 
to avoid excessive amplification of the steady-state vi- 
brations*** Plunkett, in Reference 9, concluded that 
vibration and shook isolation are incompatible requirements 
In the ease of submarines. Most of the isolators used in 
helicopters are incorporated for shock loading only; 
Insofar as vibration is concerned, they act as magnifiers. 

It is a rule of thumb that isolation of frequencies below 
about 15 c.p.s., through the use of isolator mounts, is en- 
tirely impractical in vehicles* Unfortunately, most of 
those frequencies of vibration most distressful to the 
human body are below this figure (Reference 10) as are 
some of the problematical structural vibrations in missile 
work, such as those due to buffeting at maximum dynamic 
pressure and the "Pogo If feet" in the Titan II* 
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thm  solution to those probleas is to provide a device 
which will give m very high percentage of isolation with 
a very saall static deflection. 

ISOLATOR APPLICATIONS BKYOWD THK STATS OF THE ART 

The isolation of decks, cargo pallets, passenger seats, 
and other devices in which the supported nass undergoes 
large changes is not practical with present isolators. 
Because the natural frequency is a function of the iso- 
lated sass, a passenger seat, for example, would sagnify 
the vibrations when lightly loaded or empty. A partially 
loaded isolated cargo pallet would make the vibrations 
substantially worse than the vibrations it is supposed 
to attenuate. 

To implement the vibration isolation of such devices, an 
isolator is required which will provide substantially the 
same degree of isolation irrespective of the load carried. 
The effective application of such an isolator to surface 
ships, helicopters, ground vehicles, pneumatic tools, etc., 
could be of great practical significance. 

THK PAVI 

The DAVI is a passive vibration isolation device which 
can provide a high degree of isolation at low frequency 
with very low static deflection. At a predetermined 
antiresonant frequency, the nearly aero transmissibility 
across a OAVI is independent of the mass of the isolated 
item. Analysis and test show that the DAVI gives sig- 
nificantly better shock isolation for its fundamental 
mode than a standard isolator. 

This report discloses the results of an analytical and 
experimental research contract on the DAVI. It was con- 
ducted at Kaman Aircraft Corporation and was sponsored 
by UIAAVLABS under Contract DA-44-177-AIIC-196(T). The 
theoretical phases of this program successfully established 
the parameters of consequence to vibration and shock 
isolation obtainable from a DAVI, and the experimental 
work on a DAVI working model corroborated analytical 
predictions of the DAVI concept in vibration isolation. 
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OAVI OC 

THKORETICAL ANALYSIS 

Figure 1. DAVI^C 

The energies of this system are written as follows: 

Kinetic Energy: 

(i) 

Potential Energy: 

Dissipation Function: 

(2) 

(3) 

The equation of sot ion, applying Lagrange's equation, is; 

[MO+II+W/I-S-)*]? o"1" co2o"f1f»zo (4) 



Auualng a steady-state sinusoidal soluti< n, the trans- 
nlssiblXlty equation Is: 

_  -[7i-m#-P-(|-f-)]a>*-l-ca>C0-|-K0 T(f±o.i_;       2 (5) 

Let:      P-M0 + )7)p(l -f)^^« 

Substituting    P and^ Into equation (5) 

- (P-y4/)Cü* -»• CCüC0 +V<o 

-PCüt + ca;Co+Ko 
«here    cü  ls *hÄ forcing frequency. 

Zero transaisslbllity Is obtained when: 

cü'-oV--"^- (6> 

It should be noted that the above antlresonant frequency 
is independent of the Isolated aass (HD). The resonant 
frequency vlth zero daaping is obtained when the trans- 
aisslbllity equals eo t  or 

The resonant frequency with dasping is derived fro«: 

-PCü* -I- CCOC0 4- Ko - O       (7) 
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"t&tSUhft «;■ ■ • r. ■ >'»*.**? 

which can be nondiaenaionalized to. 

wher« 

er- 
ATP 

TIM ant1resonant frequency with danplng is: 

- (P-^)  CO1  +  CCüC0 +V<0   -O 

which is nondlnensionalized to 

(8) 

(9) 

(10) 

from which 

( 
I- ^h/ I- f»-^) (11) 

Tranmissibility is given by: 

TS 
. 4 (^f [.-feLf ] (12) 



Figur«« 2, 3, and 4 «how bo« trao«al««lbillty varl«s 
for di^f«r«iit value« of -^/P and C • 

It 1« «««n fro« the«« figure« that with increa««d daaping the 
aaplification at reaonanc« i« decreaaed a« in convontional 
isolation «y«teB«. The amount of iaolation obtained at 
the antireaonanco is also decreased, and the high frequency 
iaolation is decreased similar to result« of a convontional 
iaolation «y«tea. 
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Locuft of Maxi» *nd Minlgg of Trans»is«ibility 

Making tho following substitution in equation (12), 1st 

p - H^S - »-^ 

2 C 

Thsn: 

ß 

T* 

UJ = —  'A 

P 

I-Ä - 1-/3 - 
«^A 

[>+1^.]: [-i^]' 

J 

To* 

(•-A*)* + C>;0« 

^ I-A^' + CVA)" 
da) 

ii 

.-U-At**    •'    < 



ro find th« ■«»!■> mud ainlaa« ■•! the first derivative 
of the transalesibllity with respect to frequency ratio 
(A* ^Ü/ä)  «qual to aero. Rewriting equation (13) 

an follows: 

Let 

Then 

(14) 
-f y 

fZi^Tils-=-^-^is. 
ax 0aA 

(15) 

Therefore, the condition for saxiaa or ainiaa trans* 
■issibility is: 

go 

(lt-*)(ii-M) 

Since 

CJ«. 

^ 

1-0 

(16) 
■ 

■ 

i 

«A^» 

we have 
^-^^ 

(17) 
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If: •  0, th«n Trf 

XA > 1 and 0 < X 

XA > 1 and    X 

XA > 1 and    X 

XA - 1 and    X 
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Pigur« 5 whomm,  in gSMral, bo« th« aaxlMia and ninlaun 
vrnlu*« of trnnMinsibillty plot rolntive to th« danping 
d«p«nd«nt froquoncy mspons« eurv««. A« can b« «««n, 
at froquoaei«« lowor tban th« rosonant fr«4u«ncyl th« nax- 
imm trannlssibillty, TDMIXI vari«« InvnrMly, fr«qu«ncy- 
vifl«, with th« daaping ratio f ;  that is, fr«oii«ney of 
TD^ax 'or * apocific valu« of daaping («.g«, % * 1.0) 
oocura at a lo««r fr«qu«ncy than th« fr«qu«ncy of TWax for 
a lo««r valu« of daaping («.g.» C- 0), Abov« th« anti- 
roaoaant fr«qtt«neyf th« ainiaua valu«« of traaaaiaaibility, 
TDain» vary diroetly fr«<iu«noy-iria« with t ; that i«, th« 
fiwiMBey of TDain for a «pacific valu« of daaping («ay, 

♦ - 1.0) occur« at a highar fr«qu«ncy than th« fr«qu«ncy 
of Tbia for a lo««r valu« of daaping. 

FUrth«raor«, it can b« «««n that for all valu«« of Cthm 
traaaaiaaibility approach«« th« valu« *< - P-*.   at larg« 
valu«« of ^ ,  th« fr«qu«ncy ratio.        ^ 

Invariant Point 

Froa aquation (5), th« traaaaiaaibility ia: 

«hich i« of th« fora * ' *' 

A C*+ B de) N1- 
If « • £, than TD ia ind«p«nd«nt of daaping (R«f«r«nc« 6, 

Oaa Hartog). Ia aquation (18)f TQ ia ind«p«nd«nt of 
daaping «haa 

— i        j   <of 

i 
14 



The positive solution is obviously trivial. Taking the 
negative solution gives 

p '-(^V 
or 

X m- 1-4* 

where^p is the frequency at the xuvai iant point. 

Noting that I-:* s^fÜS^ = TOVHF   # that is, the 

transnissibility of the OAVI at very high frequency, 
the above expression becomes: 

[J^ ±  (ao) 

which,  of course,  reduces to    ^j       m   y 2 when 
T])VHP " 0«  tbftt i8*  a convertionax isolator 

It should be noted fro« equation (20) that the invariant 
point of a DAVI is always further above resonance than is 
the invariant point of a conventional isolator. 

The transaissibility at the invariant point is given by: 

0| P | -\$X 
or 

OlP 
TQVHF "" j 
-Z  (22) 

»OVHPH-  \ 

15 ^ 
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WlMn TpvHF * 0f TDIP " -1.0, that lsf a conventional 
isolator. BoeauM 0< TDVHF< 1 in tha DAVI, tha 
invariant point always lies between resonance and anti- 
resonance and the invariant transslssibility is always 
less than one. 
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TBB SIRIES-OAMPSD TWO-DBGRBS-OF-FRBEDOIf OAVI > 

Figure 6. 8eries-Daap«d OAVI 

Description of Syf ■ 

The Series-Dtaped Two-Degree-Of-Freedoa DAVI is shown 
diagrsMUticslly in Figure 6 sbove.  It consists of the 
isolated BSSS, %# supported on an inter»ediate platform 
of aass# UD,  by a spring-damper system defined para- 
metrically by spring constant, KTj and damping coefficient, 
CT. The intermediate platform is supported by the DAVI 
system whose parameters are spring constant, KD, mass, m, 
and inertia, I. The DAVI system is assumed to be friction- 
less. 

Dsrivation of Iquations 

The energies of the system are written as follows: 

Kinetic Snergy: 

Potential Bnergy; 

Dissipation Function: 

(23) 

(24) 

(25) 
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r .,'      ?■•.*», -u • 

T Substituting th« relations for • and % into tho «nsrgy 
•xpronsions, we got: 

T-TlATiT+i»ADio«+W0-f)Ho + Msr+ (86) 

V -^KT (ZT-ZO)* + -^ tC0 (Z0-Hs)' (27) 

O-^CT^T-ZO)' (38) 

Fro« thos« energy equations the following equations of 
sot ion are derived by Lagrangian techniques. 

■T Squation: 

KATZT + C-TIT+KTZT -C7i0-KTEo -O 

Bo BQuation: 

(29) 

(30) 

Assuaing a steady*stats sinusoidal solution and writing 
in Matrix fora, this bscoaes: 

\^yiT(ü*+ L<*>Cr + K^\ [-CTICü-KT] 

[-CT ta>-KTj 
ta>CT+»<T+K0 

-[[^•T0-f)-7«]^,+ Ko}i 5 I (31) 

It 



Using CraMer*« rule, th« traosalssibility equation for 
the «otion of the «ass, MTI can be written: 

^{hj^gjj^KJ 
O -CT-CCü-K'T 

CCUCT + KT +KO 

» — 

(32) 

where /S^O  in the characteristic equation of the systes 

Let: 

Then, the following expression for the absolute value 
of the transMissibility squared can be written: 

T ._ [-»>-^)6>«+KP1 * (KT f CT^') 
O   [ (mT w •-KTXBW'-^-MTKTW^+CT^PIW^^K^* (S3) 

Further let: 

Cc-e^T^f-eiATn 

/-r 
•AT 

tue 
P 

P 
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By substitution we get. In nondlnenelonal fora: 

The Invsrltnt Points 

T*       1. of the for- A^t^B(^0, 

0 cToTFFr 
and «111 be Independent of ^ If: 

A  ,   B 

\ that Is, If: 

(34) 

 !  _  -f  !  (35) 

Taking the positive sign we have: 

To solve for h,  the forcing function frequency ratio, 
write In quadratic forn, and solve, for h^: 
/•K4-(or/,+ e4|^>h,+ eo.   - O 

(36) 

20 



Taking thm  negativ« sign of aquation (35): 

i.a.« 

Fron equations  (36) and (37)«   it is seen' that three in- 
variant points are obtained other than the trivial case 
of h - 0 and h - 1,  two fro« equation (36) and h^ - « 
fron equation (37). 

The transnissibility at the h2 - « point is found by 
substitution in equation (33) to be: 

(37) 

£0-*) 
Making the substitutions found on Page 19,  the trans- 
nissibility becones: 

lo   MT 

and will be above or below the antiresonant frequency« 
depending on whether 

^-KA0 + (|-E)rr) 
is greater or less than 2P» 

Figures 7, 8, and 9 show typical frequency response curves 
for the Series-Daaped OAVI ^ for various values of the 
peak-to-null frequency ratio«  f,  for various values of 
nass ratio«y^ , and for different values of damping 
ratio« f .    Muasrical values of the curves were obtained 
by prograaning the transnissibility equation onto a 
digital conputer.    The curves plotted are a representative 
saaple of a conprehensive parameter study with MD • 0 
and 0€ m i,    in Figures 7 and 9«  the invariant points 
occur as predicted in equation (36).    In Figure 8«   the 
invariant point is at h • 1.03 and being close to h • 1 
does not show in the results. 
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It is ■••n fro» these figures that although the Series- 
Dsaped DAVI f   im m  two-degree-of-freedo« system« 100« 
percent Isolation can be obtained at its tuned or anti- 
resonant frequency. This tuned frequency is not affected 
by the aaount of isolated nass. This parametric study 
also shows that an optimum amount of damping can be obtained 
which will attenuate the low frequency resonance condition 
and give transmissibility less than .5 for the higher mode. 
High frequency isolation approaches zero as in a conven- 
tional Isolator. 
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t 
SHOCK TRANSMISSIBILITY 

Conventional Isolator 

MT 
JZT 

*! \i CT    »HS 

(38) 

Figure 11.    Conventional Isolator 

The equation of Motion for this system is: 

KT2LT +CT(ZT-£5)+KT (ZT-Z-S) - O 
If .      • E5 •   a-*.    Hs » a.and  Es - O , 
the above equation can be written: 

|sATji   4-   CT2 -V- KTZ^O <39> 

«here       JS •■ Z-r "^T^ 

This equation has the standard solution 

E- C " *'*'** [AC06 y\~<r*iünt 4- B ÖN^-C'^t] 

where ,__ C ^^ 
CJ»« /KT        and        HC  •    g=Sg 

The initial conditions are assuaed to be: 

Pro« the first initial condition« it follows iansdiately 
that A - 0. 

i'. 
ST 



< F-'^f*). yM • t.-*T^,'-'  -  IflMJjM ■ 

Th« ••cond Initial condition is applied as follows: 

2-iT-Zsm&e-*'*'*t sin/nT» CüR t (41) 

Z-?T-*S -B [/^4 cj0e ~f*>* cos i/rr* CJot - 

r^pe r<^R' smyFrTcjRt J (42) 

Thus, sines Z« - a and ?r « o at t - o, 

and ths displacsnsnt of Mj is described by 

e-f^e r    g-^^< 

] (43) 

and the velocity by 

- e"*'*"* r poVi::?,w,«'-7$. smyr^ttfet ZT-« 

and the acceleration by 

/?« 
. (44) 

27-aa>Re'  ^^p^^ siiyi^wRt+2rcoj/r<V»J (45) 

This will be a saxisun when 
•# • 
FT-0 

That is# when tan (jj 1     (3-^V«;r (46) 

I 

where 

Hi 

^«'"ar 
Oj daaped 

when  j^a «| 

* 

as 



II 

Thus« the aaxiaiui acceleration is: 

2
T,*AK- ^^„e 

which for small damping 

•• -C^mt/n-ef 

DAVI oC 

(47) 

(^) COS cuj t 

Figure 12.    OAVIOC 

The f   Ation of motion for this system is: 

[ttO^-fl4m*0"^)f]^+Co i0 + K0E0 

If Z% ■ <?.^, Zs « a and S% 
m & 

and this can be written in the form: 

p'i -♦• c0i + K0X - o 

(48) 

(49) 

Thenf the analysis from this point is the same 
the conventional isolator. 

as for 

29 
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1 
Ji. 

Thus, as derived for the Conventional Daaped Systen: 

2 _aL_ e-^HtsNyFF'^Rl 1 (80] 

H0-a[i-e"
ra*f(cos/F7-.a;Rt-^lsiiyr<

sf<fc. •)] (si) 

with the difference that the resonant frequency for the 
DAVI is given by: 

and 
Cp 

If the daaping for the two systess being compared (the 
Conventional Dasped Systee and the Dasped DAVI a) 
is adjusted to be nuaerically the sane, a comparison 
can be made between the forces transmitted to the 
isolated masses. 

Zr> _  a»R  (DAVI) 
Sy "  U;R  (CONVENTIONAL SYSTEM) 

If Kp - KD. 

2P m   / MT 

W 

(52) 

(53) 
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Since Mr» the isolated ease of the conventional system, 
and Mn, the isolated aass of the DAVI, are equal, it is 
seen zros the above equation that the DAVI will always 
have better shock transsissibility for a step velocity 
shock than a conventional isolator with the saae spring 
rate. 

31 



MMPim  CQHSIIORATIOIIS 

fro« tlM pr«o«diiig theoretical unmlymim.  It Is noted that 
daaplng in the basic OAVI has the conventional effect of 
lowering the resonant peak; however« it also has the 
additional characteristic of reducing the degree of iso- 
lation at antiresonance or within the antiresonant "bucket". 
To corroborate this analysis« several Methods of daaping 
were considered for testing on laboratory aodels. 

WMICTIOH DMPINO 

The use of steel wool or a friction plate interconnection 
between the excitation source and the isolated aass was 
considered not suitable because of the difficulty of con- 
trolling the effective damping rate and because of the 
saall relative displaceaents involved for this general 
else DAVI sodel. 

Because dasping cannot always be tested separately from 
the pivotal action« incorporation of damping within the 
pivot appeared to have merit. It was decided that this 
should be investigated by using sliding friction in the 
form of spherical-Teflon bearing rod ends« and rolling 
friction in the form of ball-bearing rod-end pivots. 
Laboratory models utilising these two configurations were 
tested; the results appear in another section of this 
report« 

HTSTmaiS BAMPIMQ 

Yisco-elastic materials« fiberglass reinforced plastics« 
damping tapes« and lead wool were considered in this area 
but did not have sufficient merit to pursue their usage 
for the desired model. 

Hie inherent hysteresis characteristic of rubber was 
apparent both as an individual damper and as a combined 
pivot-damper. This will sgain be discussed under the 
Pivot Configurations. 

The low internal damping of steel (considered as a flex- 
ural pivot« helical spring, or cantilever spring) suggests 
the need for an additional source if damping is required. 
Such configurations were constructed and tested in deter- 
mining the optimum OAYI design. 

32 
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HYDRAULIC DAMPIWG 

Hydraulic damping, as considered here, connotates damping 
proportional to the square of velocity such as the axial 
strut. The basic sise, weight, cost, and predictability 
eliminated the practicality of such a configuration on 
the size of the DAVI being considered under the contract. 

VISCOUS DAMPIItg 

Viscous damping here refers to damping which is propor- 
tional to the first power of velocity. Although these 
units are found in "miniature" sizes, the weight and cost 
factors are not attractive. TO correlate the analytical 
results, a small rotary viscous damper (rate - 0.5 to 
25 in.lb./rad./sec.) was installed on a laboratory DAVI 
model and tested. 

AIR (PMIUMATIC) DAMPIMG 

The air dashpot was most ideally suited to the small DAVI 
models because of its sise, weight, and relatively low 
cost. Excellent experimental test correlation was ob- 
tained with this configuration; however, because of the 
thin piston connecting rod, buckling of the rod occurred 
near the maximum damping rate (2.5 lb./in./sec), necessi- 
tating a "beefing-up" modification of the rod. 
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PIVOT CONFIGURATIONS 

As noted in the analytical study, one of the parameters 
affecting the antiresonant frequency is r, or the distance 
separating the source pivot from the isolated pivot.  The 
smaller r, the less bar inertia (I) is required for given 
conditions; thus# the weight of the DAVI system can be 
kept minimal.  To physically make r small, the method or 
design of pivotal action becomes most important, keeping 
in mind the ever present effects of damping. According 
to the Work Plan of the contract, three areas of pivotal 
configurations were investigated. 

ELASTIC PIVOTS 

To derive a characteristic, virtually undamped response, 
low hysteresis elastic pivots were considered.  Figure 36 
shows a model which was more than 99-percent effective 
in obtaining such a response.  Note in this figure the 
arrangement of the supporting flexural brass straps, 
alternating from inertia bar to source plate and inertia 
bar to isolated plate. The intersections of the crossed 
straps, In effect, become the pivotal axes, and the distance 
between them represents r. Analysis of this system will 
show only minute shifting of the pivotal axes during the 
cantilever mode bending of the flexural straps. 

A commercially manufactured product known as the "Free- 
Flex*1 pivot, available in various diametral sizes, is based 
upon the abc e flexural principle.  DAVI laboratory models 
were designed utilizing these pivots, which resulted 
ultimately in the final model configuration for this con- 
tract. This type of pivot appears to be ideally suited 
to the DAVI concept within given loading conditions, as 
the response and fatigue parameters will show. 

SLIDING PIVOTS 

Sliding and/or rolling pivots, as mentioned previously in 
the considerations for friction damping, in the form of 
spherical and/or ball bearings, respectively, would seem 
to offer a very practical and relatively Inexpensive 
approach to pivot design. Loading conditions should be 
generously increased with this type of pivot, provided 
the coulomb damping effect is not harmful. The tranalatory 
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motion of the cosine effect, due to the oscillatory inertia 
bar, should not be of consequence provided the bar position 
under the static load is neutral. Sxcessive cosine effects 
would, of course, necessitate design study. 

RUBBBt PIVOTS 

As mentioned previously, the hysteresis characteristics 
of rubber suggest an area of pivot configuration whereby 
very compact and inexpensive DAVI units can be designed. 
Several commercial rubber bushings were considered to 
adapt to DAVI pivot configurations. Wall thickness, 
length, and diameter variations could afford means of ob- 
taining desired spring rates from natural rubber and 
synthetic compounds. Analyses based upon the methods of 
Crede (Reference 5) support the feasibility of a rubber 
pivoted DAVI. 
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OPTIMIZATIOil OP »AVI DISION 

OmOIIiAL PAY! 

S«f«r«iic* 8 is th« Kaamn report describing the original 
concept of the DAY I and is the basis under which this con- 
tract «as generated. As an interesting introduction to the 
evolution towards the optlsua DAY I design« a photograph of 
the original OAVI aodel is shown in Figure 13. 

gLIDIMQ PIYOTS 

Proa the analytical scheaatic of the basic DAYI, a logical 
sodel construction was to use standard bearing rod ends. 
The first configuration utilised two spherical Teflon-lined 
rod ends for the base supports and a single one for the 
upper or isolated nass support. Care was taken to assure 
very loose bearings so as to sinisize damping friction. 

A 10-pound-per-inch spring was installed across the DAVI 
plates, and the unit was Mounted on a shaker for vertical 
excitation. Because of the instability of a single support 
(upper) on a single OAYI aodel, a stabilizing support was 
used for the aass to be isolated. 

With a 5-pound «ass on the unit, a very erratic response 
was obtained. After aany adjustsents and tests, a 20-pound- 
per-inch spring was substituted, and the mass was increased 
to 10 pounds. Table 1 and Figure 14 show the response to 
these conditions, indicating a heavily damped system. 

To reduce this heavy damping, ball-bearing rod ends were 
substituted for the base supports. Figure 15 shows a lab- 
oratory model of this configuration with ths spring removed. 
Tables 2 and 3 and Figure 10 show typical results of tests 
to determine the inertia effects for this arrangement; 
again, highly damped tendencies were evident. Tables 4, 5, 
6, and 7 and Figures 17, 18, 19, and 30 show some of the 
results of varying mass, the removing of bearing seals, and 
the substituting of bearings. Some of the bearings were 
also degreassd and lubricated with lighter oils, but no 
improvement was svidenced, as seen in Tables 8 and 9 and 
in Figures 21 and 22. Heavy damping characteristics still 
psrslst. 

Tto investigate the effects of a loose pivot shaft clamp-up 
(pivoting on shaft rathsr than in bearing), the support 
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bolts ««re loosened. A cospsrstlve test result is shown 
in Tables 10 and 11 and Figure 23. 

Although nany tests were conducted« each with the basic 
results as presented« it is still felt that further inves- 
tigations of this general configuration say be acre reward- 
ing« perhaps in the areas of heavy «asses where the bearings 
would be working nearer to their load capabilities« than 
such light loadings as tested here. 

RUBBBB PIVOTS 

As pointed out previously« rubber pivots should afford 
sisplicity and compactness of construction at reasonable 
coet. Several coanercial rubber bushings were obtained and 
adapted to DAVI wodels; however« they proved such too stiff 
in torsional deflection for the desired small size model. 
Using the methods of Crede (Reference 5)« calculations 
suggested a 40-durometer rubber should satisfy the desired 
dimsnsions. Through the facilities of the Kaman Materials 
Laboratory« a 1/4-inch shaft was centered in a 5/8-inch 
inside diameter aluminum bushing and molded in place with a 
40-durometer neoprene compound. Two identical bushings were 
then bonded into an aluminum block which also served as the 
inertia bar housing. Figure 24 shows how the pivots were 
attached to the base and mass supports. 

The first exposure was to a horizontal excitation« that is 
with the DAVI pushing horizontally against the supported 
mass; the DAVI was not itself supporting the mass. This« in 
effect« is a sero static load on the isolator. The interest- 
ing response is shown in Table 12 and Figure 25. As can be 
seen« the characteristic basic DAVI curve is apparent« but 
sose scatter is present. Of particular note is the 80- 
percent isolation factor at the 12-cycle antiresonance. 
Some of the scatter was attributed to the nonrigid lab- 
oratory table upon which the shaker was clamped. 

Orienting the shaker vertically and stabilising the mass to 
be isolated produced such better results. Tables 13 and 
14 and Figures 2ö and 27 show the performance for isolated 
weights of 5 pounds and 7 pounds respectively. Mote that 
degree of isolation is increased to better than 90 percent 
with the heavy mass. Also apparent is a tendency for a 
second resonance at the higher frequencies. This is be- 
lieved to be a second mode caused by radial deformations 
within the rubber pivot and is an area which should be 
investigated by more detailed research. 
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To •lialaat« th« operation of bonding tho pivots into tho 
pivot bar housing nnd to ioeroaso the shaft diasstor for 
bsttor rotontion with tho baso and nass supports« 3/8-inch 
shafts «oro contorod in tho two 3/4-inch boros in tho bar 
housing and «oro aoldod in placo with 40-durosotor nooprono. 
Although tho voluao of rubber than torsionally doforaod «as 
slightly greater than for the previous configuration, approx- 
iaately the saae degree of isolation «as attained for the 5- 
pound and 7-pound «eights, as noted in Tables 15 and 16 
and Figures 28 and 29. 

In the saae aanner aa the preceding« a 40-duro«oter natural 
rubber pivot «as constructed and tested. Table 17 and 
Figure 30 illustrate the porforaance. The highly daaped 
curve suggests that the natural rubber has inhorently higher 
hysteresis« and the antiresonance has shifted to a lower 
frequency« thus indicating a lover spring rate for this 
■aterial. 

Tablea 16 and 19 and Figures 31 and 32 sho« aiailar test 
results using 60-duroaeter neoprene as the pivot aaterial« 
«here a coapariaon of the respective curves for the 5-pound 
«eight configuration reveals higher resonant and antiresonant 
frequencies for the 65-duroaeter aaterial but the saae de- 
gree of isolation. This again shows the independence of 
spring rate (duroaeter) and internal shear (hysteresis) 
for the saas basic aaterials. 

Table 20 and Figures 33a and 33b are clear verifications of 
the independence of antiresonant frequency froa isolated 
aaas (although greater isolation is attained «ith the 
larger aaas aa atated before) and of the lowering of the 
reaonant frequency with increased aass (wider bandwidth). 

The collective effect of the paraaeters of inertia« isolated 
«eight« resonant frequency« antiresonant frequency« trans- 
aiaaibility« and isolation are sho«n in Tables 21 and 22 
and Figures 34 and 35 «hich are carpet plots for the 40- 
and 65-duroaeter neoprene« respectively. 

The research conducted on these rubber pivot configurations 
is extreaely encouraging and leaves little doubt but that 
in this field of generous coapounding abilities a aaterial 
should be available« or aade available« «hich «ould develop 
outstanding DAVI perforaance. 
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«LA8TIC PIVOTS 

It was believed that the very low hyetareels effect in 
«etallic cantilever springe should be able to give 
virtually 100-percent Isolation when arranged as a 
flexural pivot In the DAVI principle. Theoretical 
investigation supported this belief, and a flexural 
laboratory aod«! was constructed using phenolic plates« 
brass strips, and a threaded inertia bar. Figure 36 
shows this sodel mounted on a 50-pound shaker. The 
isolation ability of the Model is seen In Figure 37 where 
the unit is being excited at 10 c.p.s. Although not 
instruaented, aeasureaents under sagnlfication Indicated 
approxiaately 99-percent isolation In this case. 

Knowledge of coasercially Manufactured units based upon 
the flexural pivot theory offered the aeans for what 
appeared to be a practical design wherein the pivot it- 
self incorporated the systea spring rate. The Manu- 
facturer concerned offered these pivots in various 
diaaetral sizes, with three angular ratings (7-1/2°, 
15°, and 30°) for each else depending upon the thickness 
(stiffness) of the flexural MSMber. Several 15° pivots, 
5/8-inch dlaaeter, were acquired for evaluation, and a 
unidirectional laboratory Model was aade and tested with 
excellent results. 

TiO-DIMOtSIOMAL II0D1L 

It was then desired to investigate the possibility of 
a sodel capable of Isolating in two directions, say the 
vertical and lateral Motions. The two-diMensional Model 
was constructed using these pivots In a Hooka's Joint 
arrangSMent as seen in Figure 38. The Model was Mounted 
on a vertically oriented shaker and loaded with a 5-pound 
weight as seen in Figure 39. Two wide, flat pieces of 
brass were used to stabilize the Mass in the vertical 
direction, while iaposing a negligible effect upon the 
systes spring rate. Tables 23, 24, and 25 and Figures 
40, 41, and 42 show typical test results for different 
Inertia bar values. 

A lateral excitation was then isposed upon the Model, 
and, as noted in Figure 43, the Isolator is pushing 
against virtually zero Mass. Greater than 99-percent 
isolation is obtained as evidenced by Table 26 and 
Figure 44. 
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An obllqu« vmpoamm  «as thmn jmrtormd  to tmut  the 
eluuraottristle« of ■imiltanoou« vortical and latoral 
Inputs. Piguros 45 and 46 show tho tost sot up and tho 
isolating MOdol« while Tablo 27 and Piguro 47 offer the 
■ensured response. The increased isolation, over the 
vertical and lateral excitations« is believed to be due 
to the increase in "effective** aass caused by the direction 
of applied force to the sodol. The second peak at 25 c.p.s. 
is believed to be due to the internal elasticity of the 
wooden Model when strained in this direction. 

Table 28 and Figures 48 through 52 show the effects of 
varying the isolated mass, again indicating the relative 
independence upon the antiresonant frequency, and the 
shifting of the resonant frequency. 

PARAmrmc DAMPINO 

After it was determined that the virtually undamped 
flexural pivot characteristics were satisfactory, the 
experimental correlation of damping the system «as 
considered. A small air dashpot was commercially 
available which had variable damping rates up to 2.5 
pound-second per inch. The damper «as easily installed 
on angle brackets mounted to the base and mass support 
legs, as seen in Figure 53. 

Table 29 is a record of the response parameters, and 
Figures 54 through 58 sho« the plotted curves. The damp- 
ing notations c - 0, 1, 2, 3, and 4 are not actual rates 
but indicate the increased step inputs to the maximum 
rate of the damper. Excellent correlation «as obtained 
up to Figure 58 «hen, as the plot sho«s, a decreased 
damping rate is indicated for the fully damped unit. 
This phenomenon repeated itself in several tests until, 
when viewed under a stroboscopic light, it «as seen that 
the small piston rod «as bucking under the heavy damping 
load, thereby effectually reducing the damping rate. The 
decision «as made to stiffen the piston rod by soldering 
a sleeve around it. While this «as being done, the vis- 
cous damper tests «ere begun. 

ViaCOüB PAMPHiO 

The above model «as modified by removing the angle brack- 
ets and installing a base and top plates to accommodate 
the more bulky and heavier rotary ' Iscous damper «hich 
had variable rates from 0.5 to *o.O inch-pound per radians 
per second. 
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Table 90 records the paraaeters for one of the series 
of tests, and Figures 59 through 68 show the respective 
response curves. As in the previous tests, the dasping 
notation sorely refers to an arbitrary setting on the 
daaper. The curve for C - 0 was obtained with the damper 
connecting link removed, tfith the link installed and 
the rate adjustsent screw backed out (C - 1>, Figure «0 
was obtained showing the characteristic reduced peak and 
raised trough. Figure 61 resulted fros a Minute in- 
crease in rate (C - 2). A large adjustsent resulted in 
the curve in Figure 62 where it appeared that the dasping 
was decreased. With a such heavier connecting link than 
the air dashpot, buckling was improbable; however, it was 
believed that the connecting plates or the model itself 
was perhaps straining. As a check, another minute in- 
crease in damping rate was made (C » 4), which yielded 
an almost identical response as seen in Figure 63, An 
appreciable reduction in rate was then made (C • 5), which 
brought back a reasonable response, Figure 64, 

The bar inertia was then decreased to determine its effect 
and responded, as predicted by the theoretical analysis, 
with an increase in both resonant and antiresonant fre- 
quencies (Figure 65, C - 6). With the inertia remaining 
the same, an attempt was made to induce the buckling'* 
phenomenon again. The damper setting was increased to 
C - 7, with a resulting response as seen in Figure 66, 
Another slight increased damping adjustment was made 
(C ■ 8) and responded as shown in Figure 67, The bar 
inertia was increased to its original configuration, and 
the damper minutely increased to C - 9. Figure 68 shows 
the tendency to decrease the resonant and antiresonant 
frequencies. The next increase in damping rate produced 
a failure across the pivot housing in the wooden support 
leg. The ''buckling'* phenomenon nay very well have been 
thv result of some internal failing under the resistive 
forces of the high damping setting. 

Results of these damping tests conclude that damping in 
the DAY I can be optimized, as the theory has derived. 
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8U»Ll-DroElE-0r-FEHD0ll DAVI (UNIDIRlCTIOiiAL) 

Wrom thm mxcmllmnt  results obtslnsd wiio thm  quality of 
ths laboratory aodsls ussd thus far, an alualiuui nodal «as 
coastructsd preparatory to aanufacturlng ths subssqusnt 
platfom units. Calculations and consultations with ths 
pivot aanufactursr shoved that ths l¥> pivot «as Insuffi- 
cient to carry the desired load of 50 pounds per DAVI 
unit; therefore, the stiffer 7-1/2° pivots «ere ordered. 
Ivea though the 7-1/2° pivots «sre able to support ths 
static load, ths prsdlcted fatigue life «as mich reduced; 
hoeever. It «as fslt that thess pivots «ould afford 
valuable data la the anticipation of possibly Manufacturing 
the« «1th special «aterlals. 

Kxcsllsnt Isolation «as attained at 99 percent for the 15° 
pivot, and 98 percent for the 7-1/2° pivot «hen tuned to 
approxlaately 10.4 e.p.s. Tables 31 and 32 and Figures 
•9 and 70 reflect thess rssults. 
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TABU 1 

DA?! TIAMSmSSIBaiTY TB8T DATA 
SLIDINO PIVOT CONPIGURATION 

SPimiCAL-BIARINO BASB SUPPORT 
SPRING CONSTANT,   20 POUNDS PSR INCH 

ISOLATED WBIGRT,   10 POUNDS 
BAR INBRTIA,  BASIC 

frequency 
(e.p.s.) 

Input Output Output 
Input 

5.0 59.00 61.00 1.04 
5.5 61.00 65.00 1.07 
6.0 61.00 70.00 1.15 
6.5 60.00 77.00 1.28 
7.0 55.00 84.00 1.53 
7.5 48.00 84.00 1.75 
8.0 40.00 76.00 1.90 
8.5 34.00 65.00 1.92 
0.0 32.00 54.00 1.59 
9.5 31.00 44.00 1.41 

10.0 31.00 35.00 1.13 
10.5 31.00 30.00 .97 
11.0 31.00 25.00 .81 
11.5 34.00 25.00 .73 
12.0 34.00 22.00 .65 
12.5 33.00 19.00 .58 
13.0 32.00 17.00 .53 
13.5 31.00 16.00 .52 
14.0 30.00 15.00 .50 
14.5 29.00 14.00 .48 
15.0 28.00 13.00 .47 
15.5 27.50 12.00 .44 
16.0 26.50 11.50 .44 
16.5 25.50 11.00 .43 
17.0 24.50 10.50 .43 
17.5 23.50 10.00 .43 
18.0 22.50 10.00 .45 
19.0 21.00 9.50 .45 
20.0 19.00 9.00 .48 
25.0 13.50 7.50 .56 
30.0 9.60 6.00 .63 
35.0 7.50 4.90 .65 
40.0 6.50 4.00 .62 



100 SPBRICAL-BIABINO BA8I SUPPORT 
8PRI110 COMSTAMT,  30 POUMDB PBt INCH 
I80LATID WBIOBT«   10 P0IIM08 
BAR  IIHRTIA«  BASIC 
RIPIRIIiCI TABLI  1 
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Figur« 14.    Sliding Pivot Configuration 
Ronponso Curvo 

45 

m ***,&. 



"W    TJ*"» $mm ■ >■ —^ 

?^. -.' i» w * '.k.^*?'»"- ̂
'"-.■'•*# 

•" ■■ ..  :: i si!* 

Figure 15.    Sliding Pivot DAVI Model 

• 

46 



au»«» mm "wr* 

TABLB   2 
4 

OAVI TRANSMISSIBILITY TIST DATA 
SLIOIMO PIVOT GOMFIOURATION 

BALL-BEARIMO BASB SUPPORT 
SPRING CONSTANT«   10 POUNDS PER INCH 

ISOLATED WEIGHT«   5 POUNDS 
BAR INERTIA«  BASIC 

frequency 
(c.p.e.jT 

Input Output Output 
thfsr 

5.0 71.00 97.00 1.37 
5.5 46.00 87.00 1.90 
6.0 49.00 40.00 .82 
6.5 51.00 22.00 .43 
7.0 54.00 19.00 .35 
7.5 54.00 18.00 .33 
8.0 50.00 19.00 .38 
8.5 49.00 19.70 .40 
9.0 48.00 20.00 .42 
9.5 46.50 20.00 .43 

10.0 44.50 20.00 .45 
10.5 43.00 19.80 .46 
11.0 41.00 19.50 .48 
11.5 39.50 19.00 .48 
12.0 37.50 18.50 .50 
12.5 35.50 18.00 .51 
13.0 34.00 17.50 .52 
13.5 32.00 16.50 .52 
14.0 30.50 16.00 .53 
14.5 29.00 16.00 .55 
15.0 28.00 15.50 .56 
16.0 25.00 15.00 .60 
17.0 23.00 14.00 .61 
18.0 2\.00 13.20 .63 
19.0 19.50 13.10 .67 
20.0 17.00 12.90 .76 
22.0 13.50 12.00 • 89 
24.0 11.80 10.60 .90 
26.0 11.60 9.60 .83 
28.0 10.50 9.00 .86 
29.0 11.40 7.60 .67 
30.0 11.40 7.10 .62 
31.0 12.10 5.40 .45 
32.0 12.10 4.80 .40 
34.0 13.80 3.00 .22 
35.0 12.10 5.50 • 46 
36.0 11.60 4.00 .35 
37.0 10.70 2.00 • 19 
40.0 9.40 1.30 • 14 
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TABLI 3 

DAVI TRAKSIIISSIBILITy TEST DATA 
8LIDIN0 PIVOT OOMFIOURATION 
BALL-BIARINO BASB SUPPORT 

SPRING CONSTANT« 10 POUNDS PBR INCH 
ISQLATBD WEIGHT« 5 POUNDS 
BAR INERTIA, INCREASED 

W.T Input Output Output 
Input 

5.0 68.00 71.00 1.04 
5.5 69.00 69.00 1.00 
6.0 69.00 61.00 .88 
6.5 69.00 61.00 .88 
7,0 66.00 60.00 .91 
7.6 65.00 59.00 .91 
8.0 61.00 56.00 .92 
8.5 59.00 54.00 .92 
9.0 55.00 51.00 .93 
9.5 52.00 49.00 .94 

10.0 50.00 45.00 .90 
10.5 47.00 44.00 .94 
11.0 44.00 43.00 .98 
11.5 40.00 40.00 1.00 
12.0 49.00 49.00 1.00 
13.0 43.00 43.00 1.00 
14.0 31.00 33.00 1.06 
15.0 28.00 31.00 1.11 
16.0 24.00 28.00 1.17 
18.0 18.50 24.00 1.30 
20.0 14.50 20.00 1.38 
22.0 13.00 16.00 1.23 
23.5 11.40 16.00 1.40 
24.0 12.10 13.50 1.12 
26.0 12.00 11.50 .96 
30.0 10.30 10.30 1.00 
35.0 11.50 7.00 .61 
40.0 11.00 5.00 .46 

i 
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IM BALL-BEARING BASE SUPPORT 

SPRING CONSTANT,   10 POUNDS PER  INCH 
ISOLATED WEIGHT,   5 POUNDS 
BAR INERTIA,   BASIC 
REFERENCE TABLES   2 AND 3 
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TABLE   4 

DAVI TRAMSMISSIBILITT TEST DATA 
SLIDING PIVOT CONFIGURATION 

BALL-BEARING BASE SUPPORT 
SPRING CONSTANT,   20 POUNDS PER INCH 

ISOLATED WEIGHT,   5 POUNDS 
BAR INERTIA,   BASIC 

Frequency 
(c.p.s.) 

Input Output Output 
Input 

5.0 53.00 73,00 1.37 
5.5 55.00 85.00 1.55 
6.0 55.00 100.00 1.82 
6.2 52.00 115.00 2.21 
6.4 38.00 130.00 3.43 
6.6 31.00 120.00 3.90 
6.8 30.00 111.00 3.69 
7.0 29.50 98.00 3.28 
7.5 32.20 82.00 2.56 
8.0 35.00 60.00 1.72 
8.5 37.50 44.00 1.18 
9.0 39.00 31.50 .81 

10.0 39.80 16.00 .40 
10.5 39.00 14.50 .37 
11.0 38.50 12.60 .33 
11.2 38.00 12.30 .32 
11.4 37.50 11.80 .32 
11.6 37.00 11.50 .31 
11.8 36.50 11.70 .32 
12.0 35.00 11.50 .33 
12.5 34.50 11.00 .32 
13.0 33.50 11.10 .33 
13.5 32.00 11.50 .36 
14.0 30.00 11.10 .37 
15.0 27.50 10.70 .39 
16.0 25.00 10.80 .43 
18.0 20.00 10.10 .51 
20.0 16.00 9.80 .61 
25.0 10.40 8.70 .84 
30.0 8.10 7.00 .87 
35.0 10.00 4.50 .45 
40.0 8.30 1.80 .22 
45.0 6.80 1.00 .15 
50.0 5.10 .40 .08 
55.0 4.10 .60 .15 
60.0 3.33 .40 .12 
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TABLE  5 

DAVI TRMISMISSIBILITY TEST DATA 
SLIDINQ PIVOT COMPIQURATIOM 

BALL-BEARING BASE SUPPORT 
SPRING CONSTANT,  20 POUNDS PER INCH 

ISOLATED WEIGHT,   10 POUNDS 
BAR INERTIA,   BASIC 

fttquency 
(e.p.s.i 

Input Output Output 
InpuT 

5.0 64.00 67.00 1.05 
5.5 66.00 74.00 1.12 
6.0 59.00 89.00 1.51 
6.5 49.00 102.00 2.08 
7.0 40.00 100.00 2.50 
7.5 30.00 81.00 2.70 
8.0 29.00 66.00 2.28 
8.5 31.00 51.00 1.65 
9.0 36.00 42.00 1.16 
9.5 37.00 36.00 .98 

10.0 36.00 33.00 .92 
10.5 35.00 30.00 .86 
11.0 34.00 26.00 .77 
11.5 33.00 23.00 .70 
12.0 32.00 21.00 .66 
12.5 32.00 19.00 .60 
13.0 30.00 18.00 .60 
14.0 29.00 15.00 .52 
15.0 27.50 13.00 .47 
16.0 26.00 11.00 .42 
17.0 25.00 8.00 .32 
18.5 22.00 8.00 .36 
20.0 19.00 8.00 .42 
25.0 13.40 6.50 .48 
30.0 10.10 5.00 .50 
35.0 8.60 4.30 .50 
40.0 11.00 3.50 .32 
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100 BALL-BEARING BASS SUPPORT 
SPRING CONSTANT« 20 POUNDS PER INCH 
ISOLATED WEIGHT, 10 POUNDS 
BAR INERTIA, BASIC 
REFERENCE TABLE 5 
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TABLE   6 

DAVI nUNSMISSIBILITT TIST DATA 
8LIDI1I0 PIVOT COMPIGURATION 

BALL-BIARINO BASB SUPPORT 
SPRIMO CONSTANT«   20 POUNDS PER INCH 

ISOLATED WEIGHT«   10 POUNDS 
BAR INERTIA«  BASIC 

Frequency 
(c.p.s.) 

Input Output Output 
Input 

5.0 56.00 64.00 1.14 
5.5 60.00 76.00 1.26 
6.0 59.00 91.00 1.54 
6.5 51.00 111.00 2.17 
7.0 37.00 109.00 2.95 
7.5 31.00 87.00 2.81 
8.0 33.00 63.00 1.91 
8.5 34.00 46.00 1.35 
9.0 35.00 35.00 1.00 
9.5 38.00 32.00 .85 

10.0 39.00 24.00 .62 
10.5 39.00 20.00 .51 
11.0 38.00 17.00 .45 
11.5 38.00 14.00 .37 
12.0 37.00 13.00 .35 
12.5 36.00 12.00 .33 
13.0 34.00 11.00 .32 
13.5 33.00 11.00 .33 
14.0 32.00 10.50 .33 
15.0 30.00 9.00 .30 
16.0 28.00 8.50 .30 
18.0 23.00 8.00 .35 
20.0 20.00 7.00 .35 
22.0 16.50 6.00 .36 
25.0 14.50 6.00 .41 
30.0 9.00 5.10 .56 
35.0 20.00 17.00 .49 
40.0 5.00 4.00 .80 
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100 BALL-BEARING BASS SUPPORT 
SPRING CONSTANT« 20 POUNDS PER INCH 
ISOLATED WEIGHT, 10 POUNDS 
BAR INERTIA, BASIC 
REFERENCE TABLE 6 
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TABLE   7 

D4TI TSAMSMIiSIBILITT TUT DATA 
8LXDim PIVOT COMFIOUKATIQN 
BALL-BIARim BA8I SUPPORT 

SPill» COMSTAIIT«  30 POUMM PBR INCH 
ISOLATED WIIOHT«   10 POUMOB 

BAR INBRTU«  BASIC 

fe«qu«Bey Input Output Output 
Input 

6.0 62.00 75.00 1.21 
8.5 65.00 83.00 1.28 
6.0 65.00 95.00 1.47 
6.5 60.00 111.00 1.85 
7.0 60.00 127.00 2.11 
7.5 32.00 130.00 4.07 
B.O 31.00 99.00 3.20 
8.5 30.00 84.00 2.80 
9.0 30.00 66.00 2.20 
9.5 35.00 51.00 1.45 

10.0 37.00 42.00 1.14 
10.5 38.00 34.00 .90 
11.0 38.00 28.00 .74 
11.5 38.00 23.00 .61 
12.0 38.00 20.00 .53 
12.5 37.00 18.00 .49 
13.0 36.00 16.00 .45 
14.0 33.50 13.00 .37 
15.0 31.00 11.00 .36 
16.0 29.00 10.00 .35 
17.0 26.00 9.80 .38 
18.5 24.00 8.60 .36 
20.0 21.00 8.10 .39 
22.0 18.00 7.30 .90 
25.0 14.00 7.00 .50 
30.0 10.00 6.00 .60 
35.0 8.30 5.20 .63 
40.0 10.00 2.40 .24 
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TABLE   8 

D4VI TRAMUUMIBILITY TB8T DATA 
BUOMQ PIVOT COMPIOURATION 

LIOBT-UIBB BAUr-BBARINQ BASE SUPPORT 
SPRING CONSTANT«   10 POUNDS PER INCH 

ISOLATED WBIGiiT«   10 POUNDS 
BAR INERTIA«  BASIC 

frequency 
(c.p.s.) 

5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
10.5 
11.0 
11.5 
12.0 
12.5 
13.0 
13.5 
14.0 
14.5 
15.0 
16.0 
17.0 
1S.0 
19.0 
20.0 
21.0 
22.0 
25.0 
30.0 
35.0 
40.0 

Input 

60.00 
60.00 
52.00 
48.00 
41.00 
55.00 
55.00 
54.00 
53.00 
51.00 
52.00 
51.00 
50.00 
48.50 
47.00 
46.00 
44.00 
43.00 
41.00 
40.00 
38.20 
36.00 
33.00 
31.00 
29.00 
27.00 
25.00 
23.00 
19.00 
13.40 
10.00 
7.00 

Output 

111.00 
126.00 
128.00 
116.00 
86. CO 
27.00 
20.00 
16.00 
14.00 
12.00 
11.00 
11.00 
11.50 
11.00 
11.00 
11.00 
10.50 
10.50 
10.00 
10.00 
10.00 
9.70 
9.50 
9.00 
8.20 
8.00 
7.80 
7.00 
6.00 
5.10 
3.50 
3.30 

Output 
Input 

1.85 
2.27 
2.46 
2.42 
2.10 
.49 
.37 
.30 
.26 
.24 
.21 
.22 
.23 
.23 
.24 
.24 
.24 
.25 
.25 
.25 
.26 
.27 
.26 
.29 
.28 
.30 
.31 
.31 
.32 
.38 
.35 
.47 
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100 i- LIGHT-LUBE BALL-BEARING BASE SUPPORT 
SPRING CONSTANT, 10 POUNDS PER INCH 
ISOLATED. WIIOHT, 10 POUNDS 
BAR INERTIA, BASIC 
REFERENCE TABLE 8 

10 
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Figur« 21. Si id lug Pivot Configuration 
RMponM Curv« 
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TABLE  9 

DAVI TRANSMISSIBILITY TBST DATA 
SLIDINO PIVOT CONFIOURATION 

LIQHT-LUBB BALL-BBARINO BA8B SUPPORT 
SPRING CONSTANT,  BO POUNDS PBR INCH 

ISOLATED WBIGBTt   10 POUNDS 
BAR INBRTIA,  BASIC 

frequency 
Ce.p.s.) 

Input Output Output 
Input 

5.0 59.00 61.00 1.03 
5.5 61.00 66.00 1.08 
6.0 61.00 69.00 1.13 
6.5 60.00 71.00 1.18 
7.0 59.00 73.00 1.24 
7.5 55.00 77.00 1.40 
8.0 49.00 81.00 1.65 
8.5 40.00 82.00 2.05 
9.0 33.00 76.00 2.30 
9.5 29.00 66.00 2.28 

10.0 27.00 59.00 2.19 
10.5 28.00 49.00 1.75 
11.0 29.50 41.50 1.41 
11.5 30.00 35.00 1.17 
12.0 30.00 31.00 1.03 
12.5 30.00 26.00 .87 
13.0 31.00 22.00 .71 
13.5 30.00 20.00 .67 
14.0 30.00 18.00 .60 
14.5 30.00 15.00 .50 
15.0 29.00 14.00 .48 
16.0 27.00 13.00 .48 
17.0 26.00 11.00 .42 
18.0 26.00 8.50 .33 
19.0 25.00 7.00 .28 
20.0 24.00 6.00 .25 
21.0 22.00 5.80 .26 
22.0 20.00 6.30 .32 
25.0 17.50 4.50 .26 
30.0 13.00 3.60 .23 
35.0 10.00 2.20 .22 
40.0 7.60 2.00 .26 

i     i 
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100 i- LIGHT-LUBE BALL-BEARING BASE SUPPORT 
SPRING CONSTANT, 20 POUNDS PER INCH 
ISOLATED WEIGHT, 10 POUNDS 
BAR INERTIA, BASIC 
REFERENCE TABLE 9 
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Figure 22. Sliding Pivot Configuration 
Response Curve 
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TABLE  10 

DA?I TRAIISMISSIBILITY TEST DATA 
SLIDING PIVOT CONFIGURATION 

BALL-BKARING BASB SUPPORT (LOOSI BOLT) 
SPRING CONSTANT»   10 POUNDS P1R INCH 

ISOLATED WEIGHT«   10 POUNDS 
BAR INERTIA«   BASIC 

Frequency 
(c.p.s.l 

Input Output Output 
input 

5.0 58.00 65.00 1.12 
5.5 60.00 79.00 1.32 
6.0 60.00 94.00 1.57 
6.5 55.00 113.00 2.05 
7.0 44.00 131.00 2.98 
7.5 31.00 115.00 3.71 
8.0 31.00 88.00 2.84 
8.5 35.00 61.00 1.74 
9.0 37.00 47.00 1.27 
9.5 38.00 34.00 .90 

10.0 39.00 26.00 .67 
10.5 38.00 21.00 .55 
11.0 39.00 18.00 .46 
11.5 38.20 15.50 .41 
12.0 38.00 13.00 .34 
12.5 37.00 11.00 .30 
13.0 36.00 10.50 .29 
13.5 35.00 10.50 .30 
14.0 33.50 10.50 .31 
14.5 32.00 10.50 .33 
15.0 31.00 10.00 .32 
15.5 30.00 10.00 .33 
16.0 29.00 9.50 .33 
16.5 28.00 9.00 .32 
17.0 28.00 8.00 .29 
17.5 27.00 8.00 .30 
18.0 26.00 8.00 .31 
18.5 25.00 8.00 .32 
19.0 24.00 8.00 .33 
20.0 22.50 8.00 .37 
25.0 15.50 7.00 .45 
30.0 11.00 5.10 .46 
35.0 7.60 4.20 .55 
40.0 5.50 4.40 .80 
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TABLE U 

DAV1 TRAM8MI8SIBILHY TI8T DATA 
SLIDIHO PIVOT CONFIOintATIOM 

BALL-BIARINO BA8B SUPPORT (TIGHT BOLT) 
8PRIH0 CONSTANT«   10 POUNDS PBR INCH 

ISOLATED VBIGHT,   10 POUNDS 
BAR INBRTIA«  BASIC 

Frequenqv 
Ccp.s.T 

Input Output Output 
InpuTT 

5.0 59.00 61.00 1.03 
5.5 61.00 65.00 1.07 
6.0 61.00 69.00 1.13 
6.5 59.00 73.00 1.24 
7.0 53.00 82.00 1.55 
7.5 48.00 79.00 1.65 
8.0 42.00 70.00 1.67 
8.5 39.00 60.00 1.54 
9.0 37.00 49.00 1.32 
9.5 36.00 40.00 1.11 

10.0 35.00 33.00 .94 
10.5 35.00 29.00 .83 
11.0 34.00 25.00 .74 
11.5 36.00 23.00 .64 
12.0 35.00 20.00 .57 
12.5 35.00 17.00 .49 
13.0 33.00 16.00 .49 
13.5 33.00 15.00 .45 
14.0 32.00 12.00 .38 
14.5 31.50 11.50 .37 
15.0 30.00 11.00 .37 
15.5 29.50 10.00 .34 
16.0 29.00 10.00 .35 
16.5 28.00 9.50 .34 
17.0 27.00 9.00 .33 
17.5 26.00 9.00 .35 
18.0 25.00 9.00 .36 
18.5 24.00 9.00 .38 
19.0 23.00 8.50 •37 
20.0 21.50 8.00 .37 
25.0 15.50 6.00 .39 
30.0 13.00 4.60 .36 
35.0 8.70 3.50 .40 
40.0 6.90 2.60 .38 
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100 BALL-BEARING BASE SUPPORT (TIGHT BOLT) 
SPRING CONSTANT, 10 POUNDS PER INCH 
ISOLATED WEIGHT, 10 POUNDS 
BAR INERTIA, BASIC 
REFERENCE TABLES 10 AND 11 

10 
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TABLB 12 

I 

> 

MTI TKAMSmSSIBILITT TI8T »ATA 
RUBBBR PIVOT CQMFIOURATION 

40-OUROIIITIR MIQPRIHI (0.35 ID x 0.625 00 x 0.9 LONG) 
HORIZONTAL IXCITATION 

Frequency Input Output Output 
(c.p.s.) Input 

5.0 59.00 78.00 1.32 
5.5 46.00 69.00 1.50 
6.0 28.00 46.00 1.65 
6.5 19.50 34.00 1.74 
7.0 18.50 45.00 2.43 
7.5 12.50 45.00 3.60 
8.0 8.50 40.50 4.7.i 
8.5 14.00 33.50 2.3t; 
9.0 18.50 30.00 1.63 
9.5 25.00 24.00 .96 
10.0 28.00 16.00 .57 
10.5 28.00 10.00 .36 
11.0 26.00 17.00 .65 
11.5 24.00 5.20 .22 
12.0 23.50 4.70 .20 
12.8 20.00 4.40 .22 
13.0 20.00 4.30 .22 
13.5 18.00 4.30 .24 
14.0 15.40 4.10 .27 
14.5 12.80 4.80 .38 
15.0 12.80 4.60 .36 
16.0 10.70 4.50 .42 
17.0 9.50 4.40 .46 
18.0 9.20 4.00 .43 
19.0 7.60 3.80 .50 
20.0 7.00 3.75 .54 
22.0 6.40 3.80 .59 
24.0 5.00 3.50 .70 
26.0 4.25 3.00 .71 
28.0 3.60 2.40 .67 
30.0 2.40 2.40 1.00 
32.0 2.10 2.10 1.00 
34.0 3.60 1.90 .53 
36.0 3.40 2.00 .59 
38.0 2.90 1.20 .41 
40.0 4.40 2.00 .46 
45.0 3.70 0.20 .54 
50.0 2.10 0.70 .33 
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100 r- 

10 

i 
5-' - 

•01 
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•001 - 

40-DUROMETSR NEOPRENB 
(0.25  ID x 0.625 CD x 0.9 LONG) 
HORIZONTAL EXCITATION 
UErmWKCM TABLS 12 
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Figur« 25.    Rubb«r Pivot RMpons« Curv« 
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] 
TABUE 13 

DAfI TRAN8III88IBILm TI8T DATA 
RDBBIR PIVOT CQNFIOURATION 

M-nmomnit NBQPRUII (0.25 ID X 0.625 OD X 0.9 LONG) 
ISOLATSD WEIGHT, 5 POUNDS 

Frequency Input Output Output 
(c.p.s.) Input 

4.0 60.00 72.00 1.20 
4.5 58.00 76.00 1.31 
5.0 48.00 71.00 1.85 
5.5 31.00 60.00 1.94 
6.0 25.00 55.00 2.20 
6.5 15.00 47.00 3.13 
7.0 11.50 38.00 3.30 
7.5 13.50 30.00 2.22 
8.0 20.50 21.70 1.06 
8.5 26.10 15.20 .68 
9.0 31.00 9.80 .32 
9.5 34.00 5.10 .16 

10.0 33.50 4.72 .14 
10.5 32.00 4.90 .15 
11.0 31.00 5.00 .16 
11.5 31.00 4.00 .13 
12.0 29.00 4.50 .16 
12.5 28.00 5.00 .18 
13.0 25.00 5.20 .21 
14.0 21.50 5.30 .25 
15.0 18.00 5.00 .22 
16.0 15.80 5.00 .32 
17.0 14.50 4.85 .33 
18.0 13.10 4.70 .36 
19.0 12.00 4.30 .36 
20.0 11.00 4.00 .36 
21.0 11.10 4.20 .38 
22.0 10.00 3.80 .38 
23.0 9.00 3.33 .37 
24.0 8.10 3.40 .42 
25.0 7.40 3.10 .42 
27.0 6.00 2.80 .47 
30.0 4.90 1.90 .39 
32.0 4.40 1.60 .36 
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i 
TABU 13       (ContlMd) 

Frequency Input Output Output 
(c.p.s. .) Input 

35.0 2.00 2.00 1.00 
37.0 1.10 1.80 1.64 
40.0 2.10 1.05 .50 
45.0 3.00 .70 .23 
50.0 3.80 1.00 .26 
55.0 .30 .80 2.33 
60.0 .25 .55 2.20 
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100 
40.DURQiaTBR NBQPRENE 
(0.25 ID x 0.625 CD x 0.9 LONG) 
ISOLATED WIIGHT»   5 POUNDS 
RKFIRKNCI TABLE   13 

n 
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TABLE  14 

DAVI TRANSMISSIBILITY TB8T DATA 
RUBBIR PIVOT COMFIOURATIOM 

40-DUBOiaTBR NBOPRBMB (0.25 ID x 0.625 OD x 0.9 LONG) 
I8QLATID WIIGBT«   7 POUNDS 

Frequency Input Output Output 
(c.p.s.) Input 

4.0 54.00 62.00 1.15 
4.5 55.00 69.00 1.26 
5.0 48.00 66.00 1.38 
5.5 37.00 60.00 1.62 
6.0 26.00 51.00 1.96 
6.5 15.70 44.00 2.80 
7.0 8.80 37.20 4.24 
7.5 8.30 30.50 3.78 
8.0 12.50 2b. 00 2.00 
8.5 17.70 20.00 1.13 
9.0 21.80 15.10 .69 
9.5 23.50 11.00 .47 

10.0 25.50 7.J>Ü .29 
10.5 23.20 6.50 .28 
11.0 21.80 6.90 .32 
11.5 23.00 4.80 .21 
12.0 23.10 3.00 .13 
12.5 22.50 2.00 .09 
13.0 21.50 1.80 .08 
13.5 21.20 1.90 .09 
14.0 20.00 2.00 .10 
15.0 18.00 2.30 .13 
16.0 15.80 2.40 .15 
17.0 14.40 2.60 .18 
18.0 13.30 2.60 .20 
19.0 12.40 2.55 .21 
20.0 11.20 2.50 .22 
21.0 11.10 2.50 .23 
22.0 10.00 2.40 .24 
23.0 9.00 2.00 .22 
24.0 8.10 1.75 .22 
25.0 7.50 1.58 .21 
26.0 6.90 1.45 .21 
27.0 6.40 1.22 .19 
28.0 6.00 1.00 .17 
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n 
TABLE 14     (Continued) 

Frequency Input Output Output 
■ 

(c.p.s.) Input 
! 

29.0 5.70 1.00 .18 
i 

30.0 4.30 1.80 .30 a 
32.0 3.52 1.48 .42 
34.0 3.10 1.30 .42 } 

36.0 2.58 1.10 .43 
5 

• 
38.0 2.80 2.20 .79 : 

40.0 3.60 1.60 .44 i 
42.0 6.60 1.70 .26 < 44.0 4.90 .55 .11 
46.0 5.50 2.00 .36 
48.0 2.00 1.85 .92 i 

i 
50.0 1.30 1.55 1.19 

f I 
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100 r- 40-DUII0IIBTIR NBQPBBNI 
(0.25  ID x 0.625 0D x 0.9 LONG) 
I80LATID WIIGRT«  7 POUNDS 
RBFIRIiiCI TABLE  14 

10 
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TABU  15 

DAVI TIUNSIIISSIBILm TEST DATA 
RUBBIR PIVOT OOMFIOURATION 

40-DUSOIIITIIt NIOPRINI (0.375 ID x 0.75 OD x 0.9 LOMO) 
ISOLATED WEIGHT«     5   POUNDS 

Frequency Input Output Output 
(c.p.s.) Input 

4.0 67.00 71.00 1.05 
4.5 69.00 75.00 1.09 
5.0 67.00 75.00 1.12 
5.5 52.00 62.00 1.19 
6.0 56.00 70.00 1.25 
6.5 49.00 63.00 1.28 
7.0 41.00 56.00 1.37 
7.5 35.00 50.00 1.43 
8.0 29.00 44.00 1.52 
8.5 24.00 39.00 1.63 
9.0 19.00 35.00 1.84 
9.5 15.00 32.00 2.13 

10.0 7,40 19.00 2.56 
10.5 8.00 26.00 3.25 
11.0 5.00 23.00 4.60 
11.5 4.00 21.00 5.25 
12.0 6.00 18.00 3.00 
12.5 9.00 17.00 1.88 
13.0 14.00 15.50 1.11 
13.5 18.00 13.50 .75 
14.0 23.00 11.00 .47 
15.0 32.00 6.00 .19 
16.0 17.00 4.00 .24 
17.0 20.00 2.50 .13 
18.0 20.00 3.00 .15 
19.0 19.00 3.40 .18 
20.0 17.50 3.50 .20 
22.0 15.50 4.00 .26 
24.0 12.70 3.50 .28 
26.0 11.40 3.00 .26 
28.0 8.70 4.00 .46 
30.0 5.00 3.00 .60 
32.0 5.00 2.50 .50 
34.0 5.00 2.00 .40 
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TABU \b   (OoDtinu«d) 

Frequency Input Output Output 
(c.p.s.) Input 

36.0 4.50 1.80 .40 
38.0 2.70 1.80 .66 
40.0 2.60 1.60 .62 
42.0 2.40 1.30 .54 
44.0 2.00 1.75 .88 
46.0 
48.0 

1.70 
1.60 

1.50 
1.30 

.91 

.81 
50.0 1.50 1.10 .73 
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100 r- 
40 OUROMBTIR N1QPRINI 
(0.375 ID x 0.75 OD x 0.9 LONG) 

IMLATID WIIOBT« 5 POUNDS 
RBPHUDCI TABLI 15 
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Figure 28.  Rubber Pivot Response Curve 
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TABLI 16 

DAYI nUNUIISSIBILITT TI8T DATA 

M-DUBomm MBOPBINI (0.375 ID x 0.75 00 x 0.9 LONG) 
I8QLATID VXIOBT, 7 POUNDS 

Frequency Input Output Output 
(c.p.e.) Input 

4.0 67.00 71.00 1.06 
4.5 69.00 74.00 1.07 
5.0 65.00 73.00 1.12 
5.5 59.00 69.00 1.17 
6.0 52.00 63.00 1.21 
6.5 45.00 56.00 1.24 
7.0 39.00 50.00 1.29 
7.5 34.00 46.00 1.35 
8.0 29.00 41.00 1.41 
8.5 24.00 37.00 1.54 
9.0 19.50 33.00 1.69 
9.5 16.00 30.00 1.88 
10.0 12.00 27.00 2.25 
10.5 9.00 25.00 2.78 
11.0 6.00 22.50 3.75 
11.5 4.50 20.50 4.56 
12.0 5.50 18.50 3.36 
12.5 8.50 16.50 1.94 
13.0 12.20 15.00 1.23 
13.5 16.50 13.00 .79 
14.0 20.50 11.00 .54 
14.5 25.00 9.00 .36 
15.0 27.00 6.50 .24 
15.5 29.00 4.30 .15 
16.0 30.00 3.00 .10 
16.5 29.00 2.40 .08 
17.0 29.00 2.50 .09 
17.5 29.00 2.60 .09 
18.0 28.00 2.50 .09 
18.5 18.00 2.40 .13 
19.0 12.00 3.00 .25 
19.5 12.60 3.30 .26 
20.0 13.20 3.50 .27 
22.0 14.50 4.00 .28 
24.0 12.60 3.30 .26 

77 



I TABU 16  (Continued) 

Frequency Input 
(c.p.s.) 

26.0 12.10 
28.0 12.60 
30.0 6.00 
32.0 7.00 
34.0 7.50 
36.0 8.50 
38.0 6.80 
40.0 4.00 
42.0 2.90 
44.0 1.30 
46.0 .40 
48.0 .20 
50.0 .30 

Output      Output 
Input 

2.50 .21 
1.60 .13 
3.00 .50 
2.00 .29 
1.60 .21 
1.50 .18 
2.00 .29 
2.00 .50 
2.00 .70 
1.80 1.38 
1.40 3.50 
1.10 5.50 
1.00 3.33 
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100 

10 

40.DURQIIETER NBQPRSNS 
(0.375  ID x 0.75 CD x 0.9 LONG) 
ISOLATED WEIGHT«   7 POUNDS 
RBPERSNCI TABLI 16 
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Figur« 89.    Rubber Pivot lUtpoBM Curv« 

t 
79 



1 

TABLE 17 

MVI nUMSmSSIBILITY TB8T DATA 
EDBBIR PIYOT COMFIQURATION 

40-DII10IIBT« MATUIAL KUBBBR (0.375 ID x 0.75 CD x 0.9 LONG) 
ISOLATED WEIGHT«   5 POUNDS 

Frequency Input Output Output 
( c.p.s.) InpuF 

5.0 50.00 61.00 1.22 
6.0 55.00 71.00 1.29 
7.0 51.00 78.00 1.52 
8.0 31.00 63.00 2.03 
8.5 26.00 66.00 2.54 
9.0 23.00 54.00 2.35 
9.5 27.50 39.50 1.43 

10.0 32.00 23.00 .72 
10.5 34.50 14.00 .41 
11.0 35.00 10.00 .29 
11.3 35.00 10.00 .29 
11,5 34.80 10.00 .29 
12.0 34.20 11.20 .33 
13.0 32.00 13.50 .42 
14.0 29.50 14.20 .48 
15.0 27.00 14.00 .51 
17.0 23.00 13.00 .56 
20.0 17.50 11.00 .63 
25.0 12.40 8.60 .69 
30.0 8.60 5.30 .62 
35.0 5.90 4.00 .68 
40.0 4.00 2.80 .70 
50.0 2.90 2.40 .82 
60.0 2.00 1.70 .85 
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•001 

40-OimOIIITBR NATURAL RUBBKK 
(0.375 ID x 0.75 0D x 0.9 LONG) 
I80LAT1D WBXGBT,  6 POUNDS 
UPIRINCI TABLE 17 
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•s* 

18 

DOT nummasiBiLiTr TIST DATA 
wanm rnror coMriooiATioif 

(0.375 ID X 0.75 CD X 0.9 LONO) 
■OKBOMm nCITATIOM 

Frequency Input Output Output 
(c.p.s.) Input 

5.0 54.00 62.0 1.15 
6.0 43.00 50.0 1.16 
6.5 37.00 45.0 1.22 
7.0 32.00 40.0 1.25 
7.5 26.00 34.0 1.31 
8.0 21.50 29.0 1.35 
8.5 18.00 26.0 1.44 
9.0 15.00 23.0 1.53 
9.5 12.00 20.0 1.67 
10.0 10.00 18.0 1.80 
10.5 8.00 15.7 1.96 
11.0 6.50 15.0 2.31 
11.5 5.00 13.5 2.70 
12.0 3.40 12.0 3.53 
12.5 3.00 10.6 3.53 
13.0 3.50 9.4 2.69 
14.0 6.60 7.7 1.17 
15.0 11.10 5.8 .52 
16.0 15.50 3.5 .23 
17.0 17.20 2.5 .15 
17.2 36.00 5.0 .14 
18.0 36.50 5.7 .16 
19.0 32.00 7.1 .22 
20.0 31.00 8.0 .26 
22.0 25.50 9.1 .36 
24.0 20.00 7.7 .3^ 
26.0 15.00 6.3 .42 
28.0 17.00 6.2 .95 
30.0 14.80 5.1 .35 
32.0 14.20 4.0 .28 
34.0 15.10 2.5 .17 
36.0 6.50 1.5 .23 
38.0 2.30 2.0 .87 
40.0 1.00 1.6 1.55 
42.0 1.25 .9 .72 
44.0 1.00 1.3 1.30 
46.0 .80 1.1 1.38 
48.0 1.15 1.0 .87 
50.0 1.10 .9 .77 
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100 

10 
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•1 

•01 

65-OUBOiiBTBB NSOPRSNE 
(0.375  ID x 0.75 CD x 0.9 LONG) 
HORIZONTAL EXCITATION 
RIPIRIlfCI TABU   18 
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TABU 19 

HOT! TlAll8MI88IBXLITr TI8T DATA 
ranut PIVOT ooiPioimATiOM 
mOPUMB (0.375 10 z 0.75 00 z 0.9 LONO) 
I80LATBD WIIORT,   5 POUMDS 

Pr«qu«ncy Input Output Output 
(c.p.s.) Input 

5.0 50.00 55.00 1.10 
5.5 45.00 50.00 1.11 
6.0 41.00 47.00 1.15 
6.5 37.00 44.00 1.19 
7.0 34.00 40.00 1.18 
7.5 30.00 36.00 1.20 
8.0 27.00 32.00 1.18 
8.5 24.00 29.00 1.21 
9.0 21.00 27.00 1.29 
9.5 18.00 24.00 1.33 
10.0 17.00 23.00 1.35 
10.5 15.00 20.00 1.33 
11.0 13.00 19.00 1.46 
11 «5 11.00 17.00 1.54 
12.0 9.60 15.00 1.56 
12.5 9.00 14.50 1.61 
13.0 7.60 13.20 1.73 
13.5 6.60 12.20 1.85 
14.0 5.60 11.20 2.00 
14.5 4.60 10.30 2.23 
15.0 3.60 9.20 2.56 
16.0 1.80 7.60 4.22 
17.0 .80 6.70 8.37 
18.0 2.40 6.60 2,75 
19.0 3.80 5.80 1.53 
20.0 5.10 5.30 1.04 
22.0 8.40 1.50 .54 
24.0 11.90 2.10 .18 
26.0 11.70 1.20 .10 
28.0 7.00 1.55 .22 
30.0 6.20 1.60 .29 
32.0 5.60 1.50 .25 
34.0 5.10 1.40 .27 
36.0 4.70 1.20 .26 
38.0 4.50 1.00 .22 
40.0 3.40 1.05 .31 

1 

$ 
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TABLB 19 (OoBtlBiaed) 

Frequency 
(c.p.s.) 

Input Output Output 
mpuf 

42.0 
44.0 
46.0 
48.0 
50.0 

2.00 
1.50 
1.20 
1.15 
1.10 

.95 

.90 
1.05 
1.00 
.85 

.47 

.60 

.87 

.87 

.77 

•5 J 



100 
Oft-OUROMETBR NBOPRKNE 
(0.375  10 x 0.75 OD x 0.9 LONG) 
I80LATID WllöHT, 5 POUNDS 
RSPIRBICI TABLE 19 
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TABLB 20 

DAVI TRAM8lfI88IBILITT TMT DATA 
I80LATID WIIOBT OM IUBBBR PITOT CCHIFIOURATIOII 

40-DDROIIinR IllOPMIIII (0.375  ID z 0.75 OD x 0.9 LONO) 
IffBCT 0^ 

ISOLATED WBIOHT 

Frequency 5 Lb. 7 Lb. 9 Lb. 11 Lb. 13 Lb. 15 Lb. 
(c.p.s. ) 

5.0 1.10 1.14 1.18 1.24 1.41 1.37 
6.0 1.19 1.32 1.43 1.70 2.09 2.28 
7.0 1.20 1.39 1.71 2.00 3.56 4.67 
7.4 • m . _ 5.13 
7.5 - . • . 4.07 
7.7 - . . 5.54 — — 
8.0 1.44 2.08 - 5.08 2.00 2.07 
8.5 • . 4.36 . — 

8.8 Mb 4.00 _ — — _ 
9.0 2.35 3.33 2.00 0.95 0.57 0.61 
9.4 3.00 . . — mf 
10.0 1.06 0.54 0.53 0.23 0.16 0^23 
10.8 - . . 0.11 0.08 
11.0 0.25 0.16 0.13 0.10 0.09 0.06 
11.1 0.24 . — — 
11.2 - • . mB — 0.06 
11.5 - . 0.11 — m 

12.0 0.37 0.26 0.12 • 0.14 0.09 
13.0 0.49 0,37 - 0.25 0.22 
14.0 0.57 0.43 0.26 0.30 0.25 0.20 
16.0 0.72 0,54 0.37 0.40 0.32 0.22 
18.0 0.66 0.59 0.50 0.40 0.34 0.23 
20.0 0.75 0.62 0.56 0.42 0.41 0.23 
25.0 0.86 0.71 0.68 0.48 0.75 0.58 
30.0 0.94 0.85 *• 0.89 0.87 0.77 

•7 J 
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40-I)UR0IIKTBR MBOPRBNB 
(0.375 ID x 0.75 OD x 0.9 LONG) 
RIPIROiCB TABLS 20 
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40-OUIiailBTBR NBOPRENK 
(0.375 ID x 0.75 OD x 0.9 LONG) 
ftmntlUCI TABLI 20 

# -      ISOUnD WBI08T,   11 POUNDS 
• -      ISOLATED ffllQHT,   13 POUMOS 
4- -      IKLATID WIIOBT,   15 POUNDS 
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TABU 21 

VPICT CT TAirXMO IMBRTU AMD ISOLATfD WIIORT 
lOBBIR PIVOT GGMPIOURATIOM 

4M>-DUiOIIITII mOPUMB 

Inertia (I) 
Isolated Tfelght (W) 
Resonant Frequency (uf,,) 

Antlresonant Frequency  (^A ) 
Transalsslblllty   (TD) 

I 
(lb.sec. 
In*) 

W 
(lb) (cps) 

«»A 
(cps) 

TD Isolation 
(%) 

.034 5 
10 
15 

9.1 
7.8 
6.9 

10.20 
10.20 
10.00 

.333 

.124 

.081 

66.7 
87.6 
91.9 

.040 5 
10 
15 

8.3 
7.3 
6.5 

9.50 
9.10 
9.00 

.385 

.158 

.105 

61.5 
84.2 
89.5 

.044 5 
10 
IS 

7.6 
6.6 
5.9 

8.40 
8.30 
8.10 

.452 

.179 

.097 

54.8 
82.1 
90.3 

.054 10 
15 
20 

6.4 
5.9 
5.5 

7.70 
7.60 
7.40 

.231 

.151 

.091 

76.9 
84.9 
90.9 

.069 10 
15 
20 

5.8 
5.5 
5.2 

6.90 
6.80 
6.80 

.273 

.195 

.148 

72.7 
80.5 
85.2 

90 
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W -  ISOLATED WEIGHT  (LB) 
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RiriRBNCB TABLE 21 

1 I 
7       8       9       10       11 

ANTIRiaCMANT FREQUENCY , U}A    - C.P.8. 

Figur« 34. Variation of Antirosooant Fraquancy and 
Isolation With Bar Inartia and laolatad 
«aight 
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TABU 22 

irriCT or VAKTIMO IMBRTU AND ISO^TID WEIGHT 

RUBBIR PIVOT COMFIQUIATION 
 eS-DtmOMBTlR CTOPRINl  

Inertia (I) 
Isolated Weight (W) 
Resonant Frequency (t^n) 

Antiresonant Frequency (u\) 
Transmissibility (Tp) 

I W **H **A TD Isolation 
(Ib.sec. 
in2) 

(lb) (cps) (cps) (%) 

.027 10 11 .40 16 .30 .141 85 .9 
15 10 .00 15 .30 .087 91 .3 
20 8 .50 13 .80 .051 94 .9 

.034 10 10 .60 13 .90 .197 80 .3 
15 9 .30 13 .40 .117 88 .3 
20 8 .10 12 .60 .064 93 .6 

.040 10 9 .90 12 .60 .258 74 .2 
15 8 .80 12 .00 .146 85 .4 
20 7 .90 11 .70 .093 90 .7 

.044 10 9 .40 11 .60 .273 72 .7 
15 8, .50 li, .20 .155 84, .5 
20 7. .20 11, .00 .111 88, .9 

.054 10 8. ,80 10, .60 .315 68, .5 
15 8, ,10 10. .40 .200 80, ,0 
20 7, ,10 10, ,10 .130 87, .0 

.069 10 8. .10 9. ,50 .390 61. ,0 
15 7. 40 9, ,20 .269 73, ,1 
20 6. 80 8. ,60 .177 82, .3 
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eS-OUROMXTSR MIOPRBII 
W - ISOLATED WBIOHT  (LB)     A 

I - BAR INIRTIA (LB-IM-SIC2) 
mmBici TABLI 22 
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Figure 38.    Two-Diaenslonal  DAVI  Model I 
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Figure 39. Two-Dimensional DAVI Model Mounted 
for Vertical Excitation 
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TABLE  23 

TiO-DUOmiOiUL M?I TBAMSMISSIBILUT TI8T DATA 
ISO WUtXOUL PIVOT 
VBTICAL UCITATION 

7cT.#.By Output Input 
Output                           , . 
Input                               . 

5.5 .64 .64 1.00                                 j 
6.0 .79 .63 1.25                             . 
7.0 1.15 .53 2.17 
7.5 1.01 .26 3.88 
7.9 1.50 .09 16.70 
8.0 1.55 .04 36.90 
8.1 1.48 .14 10.60 
8.5 1.00 .32 3.23                                 X 
9.0 .54 .39 1.38                                 ] 
9.5 .27 .40 .66 

10.0 .11 .39 .28                                \ 
.07                                J 
.005 

10.5 .02 .37 
10.7 .002 .36 
10.8 .002 .36 .005 
11.0 .02 .35 .05 
11.5 .07 .33 .20                                 . 
X2.0 .10 .32 .30                                 i 
13.0 .12 .28 .43                                ; 

.51                                 ! 14.0 .13 .25 
15.0 .12 .22 .56 
20.0 .06 .13 •^ 25.0 .05 .08 .55 
30.0 .03 .05 .62                                 J 
40.0 .02 .03 .68                                 j 

.80                                 1 
» 

60.0 .007 .008 



100 ISO FLIXURAL PIVOT 
VERTICAL EXCITATION 
RSFSRENCS TABLI 23 
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TABLE  24 

TWO-DIMBniOIUL DAY! TRAMSMISSIBILITT TB8T DATA 
18° PLBXDBAL PIYO 
VBKTICAL BXCITATICJM 

frequency 
(c.p.s.) 

• 

Output Input 
Output 
Input 

5.0 .60 .68 .88 
6.0 .83 .65 1.28 
6.5 1.10 .59 1.86 
7.0 1.55 .49 3.16 
7.5 1.50 .08 19.20 
7.6 1.52 .02 72.40 
7.7 1.55 .09 16.85 
7.8 1.42 .18 7.98 
8.0 1.12 .29 3.86 
9.0 .28 .40 .70 
9.5 .12 .40 .30 

10.0 .03 .38 .07 
10.2 .008 .38 .02 
10.4 .001 .37 .003 
10.5 .004 .36 .01 
10.8 .02 .35 .06 
11.0 .04 .34 .12 
12.0 .10 .30 .33 
14.0 .12 .23 .53 
15.0 .12 .21 .58 
20.0 .07 .12 .63 
25.0 .05 .08 .59 
30.0 .03 .05 .64 
40.0 .02 .02 .76 
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15° PLBXURAL PIVOT 
▼nrxcAL nciTATzov 
KVBBINCI TABU   24 
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TABLI 25 

TVO-DimmiQMAL Mfl TMAMSillSSIBILITr TKOT DATA 
ifto FLUIIIAL FI?OT 
vnriCAL HCITATIOM 

Co.p.s.J 
Output Input Output 

Input 

5.5 1.93 1.86 1.04 
6.0 2.28 1.88 1.21 
6.5 2.60 1.77 1.47 
7.0 1,78 1.02 1.74 
7.2 1.90 1.01 1.88 
7.5 2.28 .98 2.33 
8.0 2.78 .73 3.81 
8.4 2.85 .45 6.33 
8.6 2.90 .40 7.25 
9.0 2.05 .86 2.38 
9.5 1.14 1.12 1.02 

10.0 .66 1.14 .58 
10.5 .36 1.10 .32 
11.0 .17 1.06 .16 
11.3 .10 1.01 .09 
11.5 .04 .98 .04 
11.6 .01 .96 .01 
12.0 .09 .92 .09 
13.0 .17 .80 .21 
14.0 .21 .70 .29 
15.0 .21 .63 .33 
20.0 .16 .34 .46 
25.0 .10 .20 .50 
30.0 .07 .14 .55 
40.0 .04 .07 .56 

109 



100 r- 15° PLEXURAL PIVOT 
VERTICAL EXCITATION 
mPERIHCB TABLE  25 
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Figure 43. TVo-Dlaensional OAVI Model Mounted 
for Lateral Excitation 
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TABU 26 

TWO-DIMBISIONAL DAYI TU1I8MI88IBILX1T TI8T DATA 
15° FLIXURAL PIVOT 
LATBUL nCITATION 

%•$:& 
Output Input Output 

Input 

5.5 .67 .86 .78 
6.0 .90 .86 1.05 
6.5 1.15 .78 1.47 
6.8 1.00 .58 1.72 
6.9 .95 .50 1.90 
7.0 .96 .43 2.23 
7.2 1.22 .40 3.05 
7.5 1.65 .32 5.16 
7.7 1.87 .21 9.00 
7.8 1.96 .13 15.08 
7.9 2.00 .06 33.33 
8.0 1.95 .06 32.50 
8.1 1.90 .21 9.13 
8.5 1.42 .44 3.20 
9.0 .88 .54 1.63 
9.5 .52 .55 .95 

10.0 •31 .52 • 59 
10.2 .24 .50 • 48 
10.4 • 18 .48 •38 
10.6 .13 .47 •28 
10.8 .09 .46 • 20 
11.0 •06 .44 .13 
11.4 .003 .42 .008 
11.5 •002 .41 • 005 
11.6 •009 .40 •02 
11.8 •03 .39 .09 
12.0 •05 .38 .14 
13.0 • 12 .32 • 38 
14.0 • 15 .26 • 56 
15.0 • 16 .22 • 71 
20.0 •22 •06 $•98 
25.0 •08 .06 1.32 
30.0 .04 •05 •69 
40.0 •02 •03 .40 

i 

105 



1 it 

10 

0 1 8 •* 

•01 

.001 - 

18° PLSXURAL PlfOT 
LATHAL IXCITATION 
liraUBICI TABLI 26 

A       I      I t   «   >  i I 
10 

ruQinicT - CP.B. 
70 

Plgnr« 44, Ourr« for T^o-SiBOMloBal OiATI 

104 



a 
o 

0> 

o a 
o 

> ti 35 

S w 
o 
•H  0) 

OD  9 e o* 

o o 
I 

^ 0 

bfi 

107 



Figure 46.  Two-Dimensional DAVI Model 
Mounted Showing Isolation in 
the Oblique Direction 
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TAbLI 27 

VKO-Dnaamicmuu DA?I nuamisaniLirr nsr DATA 
150 PUZUIAL pvm 
OBLIQOB BXCITATIOH 

TeX.0.? Output Input Output 
tnpüT 

5.5 .64 .77 .83 
6.0 .90 .75 1.20 
6.5 1.23 .67 1.85 
7.0 1.00 .34 2.99 
7.4 1.57 .22 7.07 
7.5 1.68 .15 10.98 
7.6 1.77 .08 21.33 
7.7 1.78 .02 80.91 
7.8 1.75 .10 17.50 
8.0 1.62 .25 6.40 
8.5 1.05 .50 2.10 
9.0 .64 .56 1.13 
9.5 .37 .55 .67 

10.0 .21 .52 .40 
10.5 .10 .49 • 20 
11.0 .03 .46 .06 
11.2 .006 .44 .01 
11.3 .001 .43 .002 
11.5 .006 .42 .01 
11.7 .02 .41 .06 
12.0 .04 .39 .11 
13.0 .09 .34 .27 
14.0 .10 .29 .36 
15.0 .11 .25 .43 
20.0 .09 .13 .71 
25.0 .14 .05 2.93 
30.0 .01 .07 .16 
40.0 .02 .03 .77 
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UPEUNCE TABLE  27 

x i    I   I   i  t i I 

Figur« 47 

10 

PMQUBiar - C.P.8. 

EMpons« Oarrm tor Tvo-DlMMional DA?I 

70 

110 



TABU 28 

TiO-DIIIBI8I0IIAL B4TI ItAMSIIISSIBILnT TI8T DATA 
ISO PLIZUKAL PIT0T8 
TOBTICAL nCITATIOM 

I80LATID WBIOÜT 
Fr«qpi«iioy 
(c.p.a.) 5 LB. 10 LB. 15 LB. 20 LB. 30 LB. 

5.0 1.02 1.09 1.13 1.18 1.50 
6.0 1.04 1.15 1.25 1.48 2.20 
7.0 1.09 1.25 1.54 2.06 4.46 
8.0 1.13 1.50 2.50 3.45 1.61 
8.2 • - - 3.80 1.72 
8.4 . . - 7.00 1.97 
8.5 1.28 2.05 4.40 - 1.61 
8.6 . . . 5.00 1.03 
8.6 . . - 2.54 .69 
8.0 . . 18.70 - - 

0.0 1.38 3.10 8.30 1.54 .47 
9.2 . . • .93 .35 
9.4 . 16.10 . .67 .21 
9.5 1.65 7.68 1.21 . . 

9.6 . . . .44 .14 
9.8 11.03 « • .28 .10 

10.0 . . .28 .15 .05 
10.2 .05 . • .06 .02 
10.4 — . m .01 .02 
10.5 m .02 .02 . .02 
10.6 — B •p .06 .03 
10.8 m . •       ■■ .10 .05 
11.0 .60 .31 .21 .14 .06 
12.0 .80 .54 .38 .24 .06 
13.0 .85 .65 .49 .03 .11 
14.0 .88 .71 .51 .26 .88 
15.0 .89 .73 .54 .15 1.48 
17.0 .88 .75 .53 1.02 .92 
20.0 .93 .76 .63 .91 .85 
25.0 .96 .81 1.02 .88 .80 
30.0 .96 .85 .81 .82 .78 
35.0 .95 .82 .78 .80 .73 
40.0 .96 .87 .80 .78 .71 
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too 15° FLIXURAL PIVOTS 
VI&TICAL tXCJTATION 
I80LATID VBIOHT, 5 POUNDS 
UrnBICB TABLI 28 
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100 15° FLIXURAL PIVOTS 
VBRTICAL nCITATIOM 
ISOLATED WIIQB7,   10 POUNDS 

TABL.«   28 
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TABLE  29 

TVO-OIIIIMIOIUL OWI nUMflMISSUXLITT TB8T DATA 
IS0 PLEXUBAL PIVOTS 

▼BtTICAL EXCITATION (Alt DAMPED) 

telativ« 
Oaaploff Frequency Output Input Output 
Bat« (c.p.s. ) Input 

Zmro 5.5 1.52 1.35 1.13 
6.0 1.80 1.33 1.35 
6.5 2.03 1.22 1.66 
7.0 1.87 .84 2.23 
7.2 2.18 .81 2.69 
7.5 2.67 .70 3.81 
7.7 2.97 .54 5.50 
8.0 3.22 .13 24.21 
8.1 3.20 .07 45.71 
8.3 2.56 .40 6.43 
8.5 2.10 .61 3.44 
9.0 1.22 .82 1.49 
9.5 .67 .87 .77 

10.0 .40 .85 .46 
10.5 .20 .81 .25 
11.0 .07 .77 .09 
11.3 .004 .74 .005 
11.5 .04 .71 .06 
12.C .10 .67 .15 
13.0 .16 .59 .26 
14.0 .17 .51 .34 
15.0 .]8 .45 .39 
17.0 .16 .35 .46 
20.0 .12 .25 .48 
22.0 .10 .21 .50 
25.0 .09 .16 .56 
30.0 .06 .10 .60 
35.0 .05 .07 .71 
40.0 .03 .06 .39 

1 5.5 1.80 1.55 1.16 
6.0 2.06 1.52 1.36 
6.5 2.15 1.28 1.68 
7.0 2.12 .97 2.19 
7.5 2.90 .77 3.77 
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i 
TABU 29       (OontiBU«d) 

Relativ« Frequency Output Input Output 
Daaplng 
tat« (c.p.e. ) Input 

1 7.7 3.15 .57 5.53 
8.1 3.15 .17 19.10 
8.3 2.70 .42 6.43 
8.5 2.23 .63 3.57 
9.0 1.35 .90 1.50 
9.5 .80 .97 .82 

10.0 .45 .90 .47 
11.0 .09 .86 .10 
11.3 .02 .82 .02 
11.5 .04 .81 .05 
12.0 .11 .76 .14 
13.0 .17 .66 .26 
14.0 .19 .58 .33 
15.0 .20 .51 .38 
17.0 .18 .40 .45 
20.0 .13 .28 .48 
22.0 .12 .23 .5C 
25.0 1.00 .18 .54 
30.0 .07 .11 .62 
35.0 .06 .07 .77 
40.0 .02 .07 .30 

2 5.5 1.92 1.62 1.19 
6.0 2.20 1.58 1.39 
6.5 2.25 1.33 1.69 
7.0 2.22 1.03 2.16 
7.2 2.51 .97 2.59 
7.5 2.93 .80 3.66 
7.7 3.12 .63 4.99 
8.1 3.00 .26 11.45 
8.3 2.67 .40 6.68 
8.5 2.30 .60 3.83 
9.0 1.37 .90 1.53 
9.5 0.80 1.00 .80 

10.0 0.48 .98 .49 
10.5 0.25 .94 .26 
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TABU 29      (GontiniMd) 

K«latlv« 
Otapiog 
Bat« 

Frequency 
(c.p.s. ) 

Output Input Output 
Input 

a 11.0 .10 .89 .11 
11.4 .04 .84 .05 
11.7 .08 .80 .10 
12.0 .11 .78 .15 
13.0 .18 .67 .26 
14.0 .20 .61 .33 
15.0 .20 .54 .38 
17.0 .19 .42 .45 
20.0 .14 .30 .46 
22.0 .12 .24 .50 
25.0 .10 .18 .54 
30.0 .07 .12 .62 
35.0 .06 .08 .78 
40.0 .02 .08 .32 

3 5.5 1.83 1.58 1.16 
6.0 2.07 1.55 1.34 
6.5 2.14 1.35 1.59 
7.0 1.96 1.02 1.92 
7.2 2.14 .97 2.21 
7.5 2.38 .86 2.77 
7.7 2.50 .74 3.38 
8.5 2.22 .38 5.81 
8.7 1.97 .52 3.83 
9.0 1.56 .68 2.29 
9.5 0.97 .87 1.12 

10.0 .62 .90 .69 
10.5 .38 .90 .42 
11.0 .19 .86 .22 
11.8 .07 .80 .09 
12.0 .08 .78 .11 
13.0 .15 .68 .15 
14.0 .18 .61 .30 
15.0 .19 .53 .36 
17.0 .18 .41 .44 

• 
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I 
TABLE 29       (Continued) 

Relative 
Damping 
Rate 

Frequency 
(c.p.s.) 

Output Input Output 
Input 

3 20.0 .14 .28 .49 
22.0 .12 .24 .50 
25.0 .10 .18 .54 
30.0 .07 .12 .61 
35.0 .06 .07 .77 
40.0 .02 .07 .30 

4 5.5 1.92 1.69 1.14 
6.0 2.13 1.63 1.31 
6.5 2.13 1.45 1.47 
7.0 2.00 1.13 1.76 
7.2 2.18 1.11 1.96 
7.5 2.45 1.03 2.38 
7.7 2.65 .93 4 »OU 

8.0 2.95 .71 4.16 
8.G 2.90 .21 14.15 
9.0 2.21 .59 3.78 
9.5 1.43 .90 1.59 

10.0 .86 .99 .87 
10.5 .50 .98 .51 
11.0 .29 .94 .31 
11.5 .12 .88 .13 
12.0 .03 .84 .04 
13.0 .13 .73 .18 
14.0 .18 .65 .28 
15.0 .19 .bb .33 
17.0 .18 .43 .44 
20.0 .15 .30 .49 
22.0 .13 .25 .49 
25.0 .10 .19 .54 
30.0 .08 .12 .62 
35.0 .06 .08 .77 
40.0 .02 .08 .31 
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TABU 30 

TffO-DIMBNSIOIUL DA?I nUülSMISSIBILm TB8T DATA 
is« rLnmuL PIVOTS 

VERTICAL SXCITATION (LIQUID IIAIVBD) 

tolativ« 
DM^lDf     Frequency Input Output Output 
■ate           (c.p.s. ) Input 

Zero              5.0 87.00 125.00 1.44 
5.5 86.00 140.00 1.63 
6.0 76.00 146.00 1.92 
6.2 64.00 159.00 2.48 
6.4 54.00 161.00 2.99 
6.6 43.00 161.00 3.75 
6.8 29.00 159.00 5.49 
7.0 15.80 146.00 9.25 
7.1 11.00 140.00 12.70 
7.2 12.40 138.00 11.10 
7.4 19.50 127.00 6.52 
7.6 29.00 113.00 3.89 
7.8 38.00 99.00 2.61 
8.0 44.60 84.00 1.88 
8.5 57.00 53.00 .93 
9.0 60.00 36.50 .61 
9.5 65.00 22.50 .35 

10.0 65.00 12.30 .19 
10.2 65.00 10.00 .15 
10.4 65.00 6.90 .11 
10,6 64.00 4.75 .07 
10.8 64.00 2.70 .04 
11.0 53.00 1.00 .02 
11.2 52.00 .40 .01 
11.4 51.00 1.55 .03 
11.6 51.00 2.60 .05 
11.8 53.00 3.70 .07 
12.0 51.00 4.60 .09 
14.0 44.00 8.20 .19 
16.0 39.00 9.60 .25 
20.0 27.80 9.20 .33 
30.0 12.60 4.90 .38 
40.0 6.10 4.45 .73 
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TABLE 30     (Continued) 

■•latiT« 
DAMPlag   Frequency Input Output Output 
Bat«     (c.p.s.) Input 

1        5.0 103.00 121.00 1.18 
5.2 103.00 123.00 1.29 
5.4 102.00 126.00 1.23 
5.6 101.00 127.00 1.26 
5.8 99.00 128.00 1.30 
6.0 96.00 129.00 1.35 
6.2 93.00 129.00 1.38 
6.4 89.00 129.00 1.45 
6.6 84.00 128.00 1.52 
6.8 79.00 128.00 1.62 
7.0 78.00 128.00 1.64 
7.2 71.00 126.00 1.78 
7.4 65.00 125.00 1.93 
7.6 57.00 123.00 2.16 
7.8 51.00 120.00 2.36 
8.0 44.00 117.00 2.66 
8.2 37.00 113.00 3.06 
8.4 30.00 109.00 3.64 
8.6 24.00 105.00 4.38 
8.8 20.00 100.00 5.00 
9.0 18.00 95.00 5.28 
9.5 25.00 81.00 3.24 
10.0 38.00 64.00 1.69 
10.2 41.00 60.00 1.46 
10.4 46.00 53.00 1.15 
10.6 49.00 49.00 1.00 
10.8 51.00 44.00 .86 
11.0 54.00 39.00 .72 
11.2 56.00 35.00 .63 
11.4 56.00 31.00 .55 
11.6 58.00 27.00 .47 
11.8 59.00 24.00 .41 
12.0 59.00 21.00 .36 
12.5 59.00 15.00 .25 
13.0 59.00 10.00 .17 
13.5 57.00 6.00 .11 
14.0 58.00 5.00 .09 
14.5 56.00 4.40 .08 
15.5 52.00 4.65 .09 
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TABLE 30     (OontlniMd) 

Eslatlv« 
Oaaplng frequency Input Output Output 
Bate ( c.p.s.) Input 

1 16.0 50.00 5.10 .10 
16.5 46.00 5.00 .11 
17.0 36.00 4.90 .14 
20.0 32.00 6.70 .21 

2 7.0 60.00 101.00 1.68 
7.5 48.00 96.00 2.29 
8.0 33.00 89.00 2.79 
8.2 30.00 87.00 2.90 
8.4 24.00 84.00 3.50 
8.6 20.00 81.00 4.05 
8.8 17.00 77.00 4.53 
9.0 15.00 72.00 4.80 
9.5 19.00 62.00 3.26 

10.0 28.00 50.00 1.79 
10.2 32.00 48.00 1.50 
10.4 36.00 44.00 1.22 
10.6 38.00 40.00 1.05 
10.8 41.00 37.00 .90 
11.0 43.00 33.00 .77 
11.2 44.00 30.00 .68 
11.4 45.00 27.00 .60 
11.6 46.00 24.00 .52 
11.8 47.00 21.00 .45 
12.0 48.00 18.00 .38 
12.5 48.00 13.00 .27 
13.0 48.00 9.00 .19 
13.5 47.00 6.00 .13 
14.0 46.00 4.50 .10 
14.5 45.00 3.70 .08 
15.0 43.00 3.60 .08 
15.5 42.00 3.60 .09 
16.0 40.00 4.00 .10 
16.5 39.00 4.40 .11 
17.0 32.00 4.30 .13 
20.0 27.00 5.00 .19 

i 
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TABLI 30     (Oontinu«d) 

Relative 
Daaplng  Frequency Input Output Output 
Rat«     (c.p.s.) Input 

3        5.0 104.00 143.00 1.38 
5.5 94.00 167.00 1.77 
6.0 67.00 171.00 2.55 
6.5 37.00 160.00 4.33 
6.8 20.00 147.00 7.35 
6.9 17.00 144.00 8.47 
7.0 18.00 139.00 7.71 
7.2 26.50 125.00 4.73 
7.5 41.00 103.00 2.51 
8.0 58.00 62.00 1.07 
8.5 69.00 48.00 .70 
9.0 72.00 32.00 .44 
9.5 76.00 20.00 .26 
10.0 76.00 11.80 .16 
10.2 75.00 8.60 .12 
10.4 74.00 7.30 .10 
10.6 74.00 5.40 .07 
10.8 74.00 4.90 .07 
11.0 72.00 4.65 .06 
11.2 71.00 4.80 .07 
11.4 70.00 5.10 .07 
11.6 69.00 5.80 .08 
11.8 68.00 6.50 .09 
12.0 66.00 7.10 .11 
14.0 54.00 11.00 .20 
16.0 44.00 11.60 .26 
18.0 31.00 9.70 .31 
20.0 31.00 8.00 .25 
25.0 20.00 7.10 .36 
30.0 14.50 4.40 .30 
40.0 7.60 3.50 .46 

.- f 
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TABU 30     (Continued) 

Relative 
Duping Frequency Input Output Output 
Rate (c.p.s.) Input 

4 5.0 41.00 64.00 1.56 
5.5 39.00 73.00 1.87 
6.0 28.50 75.00 2.63 
6.5 15.00 69.00 4.61 
6.9 8.10 58.00 7.16 
7.0 9.30 55.00 5.91 
7.2 12.00 49.00 4.08 
7.5 16.20 42.50 2.62 
8.0 24.00 30.00 1.25 
8.5 27.00 21.00 .78 
9.0 29.00 14.30 .49 
9.5 31.00 9.30 .30 

10.0 31.00 5.50 .18 
10.2 31.00 5.00 .16 
10.4 31.00 4.10 .13 
10.6 30.00 3.50 .12 
10.8 30.00 3.20 .11 
11.1 29.00 2.80 .10 
11.2 29.50 2.75 .09 
11.4 29.00 2.71 ,09 
11.6 28.80 2.80 .10 
11.8 28.00 3.20 .11 
12.0 27.00 3.40 .13 
14.0 23.00 4.50 .20 
16.0 18.50 4.70 .25 
18.0 13.10 3.80 .29 
20.0 12.20 3.50 .29 
25.0 8.80 3.00 .34 
30.0 5.80 1.70 .29 
40.0 3.10 1.35 .44 

5 5.0 39.00 50.00 1.13 
5.5 35.00 60.00 1.71 
6.0 26.00 58.00 2.23 
6.5 17.00 51.00 3.00 

r. 
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TABU 30    (Continued) 

telativ« 
Duping Frequency Input Output Output 
Bat« (c.p.s. ) Input 

5 7.0 13.60 44.00 3.23 
7.2 13.50 41.00 3.03 
7.5 15.00 34.00 2.26 
8.0 19.00 24.50 1,36 
8.5 23.00 17.50 ,76 
9.0 24.00 13.50 ,56 
9.5 26.00 9.70 .37 

10.0 26.00 6.60 ,25 
10.2 26.00 5.80 ,23 
i w .4 26.00 5.00 .19 
10.6 26.00 4.80 .19 
10.8 25.70 4.55 .18 
11.0 25.30 4.22 .17 
11.6 24.30 3.80 .16 
11.7 24.10 3.80 .16 
12.0 23.80 3.75 .16 
12.5 22.80 3.82 .17 
13.0 21.80 4.00 .18 
14.0 19.80 4.23 .21 
16.0 15.30 4.30 .28 
18.0 11.50 3.38 .29 
20.0 11.00 2.95 .27 
25.0 7.70 2.62 .34 
30.0 5.10 1.53 .30 
40.0 2.80 1.20 .43 

• 5.0 91.00 92.00 1.00 
5.5 90.00 94.00 1.02 
6.0 86.00 92.00 1.07 
6.5 81.00 89.00 1.10 
7.0 74.00 84.00 1.14 
7.2 71.00 82.00 1.16 
7.4 66.00 80.00 1.21 
7.6 64.00 78.00 1.22 

A 

}  ! 
t 

I 

i 

• 

4 * 

132 



TABLE 30     (ContiiUMd) 

telativ« 
Oaaping     Frequency Input Output Output 
Rat«            (c.p.s.) Input 

•                7.8 60.00 76.00 1.27 
8.0 57.00 74.00 1.30 
8.2 54.00 71.00 1.31 
8.4 51.00 70.00 1.40 
8.6 48.50 70.00 1.44 
8.8 47.00 67.50 1.44 
9.0 44.00 65.00 1.48 
9.? 41.00 64.00 1.56 
9.4 38.40 62.00 1.61 
9.6 35.20 60.00 1.70 
9.8 32.00 58.00 1.81 

10.0 29.80 56.00 1.88 
10.5 22.50 52.00 2.31 
11.0 19.10 49.50 2.59 
11.5 20.50 44.30 2.16 
12.0 26.80 38.00 1.42 
12.5 32.00 32.00 1.00 
13.0 38.00 25.80 .68 
14.0 44.00 14.80 .34 
15.0 45.20 8.10 .18 
16.0 43.20 4.85 .11 
16.5 42.00 4.40 .10 
17.0 38.00 4.60 .12 
17.5 29.00 3.45 .12 
18.0 32.00 4.40 .14 
18.5 31.50 4.70 .15 
19.0 29.50 5.00 .17 
20.0 28.00 5.00 .18 
25.0 18.00 5.10 .28 
30.0 13.00 3.25 .25 
40.0 6.50 2.85 .44 

7                  5.0 83.00 108.00 1.30 
5.5 76.00 109.00 1.43 
6.0 64.00 103.00 1.61 
6.5 53.00 91.00 1.72 

1 

i 
i 133 



TABU 30     (CoDtimwd) 

Ralatlve 
DAaping Frequency Input Output Output 
Rat« (c.p.s. ) Input 

7 7.0 45.50 81.00 1.78 
7.5 42.20 67.00 1.60 
8.0 41.50 55.00 1.32 
8.5 42.10 46.50 1.11 
9.0 43.90 39.00 .89 
9.5 45.00 32.00 .71 

10.0 46.00 26.00 .57 
10.5 46.10 21.70 .47 
11.0 46.10 18.00 .39 
11.2 46.00 17.00 .36 
11.4 46.00 15.90 .35 
11.6 46.00 14.80 .32 
11.8 45.50 14.70 .32 
12.0 45.20 14.10 .31 
12.5 45.00 12.60 .28 
13.0 44.00 11.50 .26 
13.5 42.70 10.50 .25 
14.0 41.20 10.00 .24 
14.5 40.00 9.50 .24 
15.0 38.50 9.10 .24 
16.0 35.80 8.50 .24 
17.0 29.00 7.20 .25 
18.0 25.60 6.80 .27 
20.0 24.50 6.00 .25 
25.0 16.00 5.30 .33 
30.0 11.80 3.40 .29 
40.0 6.20 2.70 .44 

8 5.0 81.00 114.00 1.41 
5.5 78.00 114.00 1.46 
6.0 69.00 109.00 1.58 
6.2 65.00 104.00 1.60 
6.4 61.00 100.00 1.64 

t 
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TABLE 30     (Contlnu«i) 

Relative Frequency Input Output Output 
Oaaping    (c.p.s. ) Input 
lUte 

8                 6.5 60.00 98.00 1.63 
6.6 58.00 95.00 1.64 
6.8 55.00 89.00 1.61 
7.0 52.00 85.00 1.63 
7.2 50.00 80.00 1.60 
7.4 47.30 78.00 1.65 
7.6 47.00 73.00 1.55 
7.8 46.00 69.00 1.50 
8.0 45.90 64.00 1.39 
8.2 45.80 59.00 1.29 
8.5 45.80 52.00 1.14 
9.0 46.00 43.00 .93 
9.5 43.10 33.80 .78 

10.0 43.00 28.50 .66 
10.2 43.00 26.70 .62 
10.4 43.00 25.10 .58 
10.6 43.30 23.50 .54 
10.8 43.30 22.30 .52 
11.0 43.40 21.10 .49 
11.2 43.40 20.00 .46 
11.4 43.10 19.00 .44 
11.6 42.90 18.00 .42 
11.8 42.80 17.00 .40 
12.0 42.40 16.10 .38 
12.5 42.10 14.60 .35 
13.0 42.00 13.50 .32 
13.5 41.00 12.50 .30 
14.0 39.90 11.75 .29 
14.5 38.70 11.10 ,29 
15.0 37.60 10.60 .28 
15.5 36.30 10.20 .28 
16.0 35.20 9.90 .28 
16.5 34.00 9.70 .28 
17.0 32.50 9.60 .30 
17.5 31.00 9.10 .29 
18.0 31.70 7.50 .24 
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TABLI 30     (OontiBiMd) 

Mlativ« 
OMpiag Frequency Input Output Output 
Bat« (c.p.s. ) Input 

t 18.5 30.80 8.60 .28 
19.0 31.00 7.40 .24 
20.0 30.00 6.00 .20 
25.0 19.50 4.90 .25 
30.0 13.60 4.72 .34 
40.0 7.10 6.40 .90 

9 5.0 79.00 116.00 1.47 
5.5 71.00 122.00 1.72 
6.0 58.00 120.00 2.07 
6.2 53.00 117.00 2.21 
6.4 45.70 113.00 2.47 
6.6 41.50 105.00 2.53 
6.8 38.00 98.00 2.57 
7.0 36.00 93.00 2.58 
7.2 36.80 84.00 2.28 
7.4 37.00 77.00 2.08 
7.6 38.20 67.50 1.77 
7.8 40.00 61.00 1.53 
8.0 42.00 56.00 1.33 
8.2 43.60 49.00 1.12 
8.4 46.00 44.00 .96 
8.6 47.00 39.70 .84 
9,0 49.00 31.80 .65 
9.5 51.00 23.50 .47 

10.0 46.50 16.90 
10.2 46.50 15.50 .33 
10.4 47.00 13.90 .30 
10.6 47.50 12.70 .27 
10.8 47.50 11.90 .25 
11.0 47.30 11.10 .24 
11.2 47.00 10.70 .23 
11.4 47.00 9.90 .21 
11.6 46.30 9.40 .20 
11.8 46.00 9.10 .20 
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TABLI 30     (OontiBiMd) 

Relative 
Damping Frequency Input Output Output 
Rat« (c.p.s. ) Input 

9 12.0 45.30 8.90 .20 
12.5 44.70 9.00 .20 
13.0 43.30 8.70 .20 
13.5 42.00 8.70 .21 
14.0 40,10 8.60 .21 
14.5 39.00 8.80 .18 
15.0 37.80 8.90 .24 
17.0 33,30 8.40 .25 
20.0 27.20 7.70 .28 
25.0 17.40 6.10 .35 
30.0 12.30 4.80 .39 
40.0 6.50 4.95 .76 

137 

'/jt, 



100 15° FLBXURAL PIVOT 
VERTICAL EXCITATION 
LIQUID OMO'SO  (c - 0) 
RiriRBNCI TABLE  30 

10 

e 1 

M 

d e 
8 

•i 

I   I 

x 
/ 

/ 

•01 

.001 - 
1       «     I I I ll 

10 

PUQUBICT - C.P.B, 
70 

Figure 09. Response Curve for Two-Diaensional DAVI 

138 



10 

•01 

1 
JJO 15° FLKCURAL PIVOT 

VERTICAL EXCITATION 
LIQUID DAMPED (c - 1) 
RIPBRINCB TABLE ^0 

Q 

s 
m 

8 

.*<*' A 
/ 

^J 

.001 
'  I  I L-L-lJ 

10 

PIIBQUBICT - C.P.8. 

70 

Figure 60. Respons« Curv« for Tvo-DlMnslonml DAVI 

139 



100 

10 

ff l 

15° FLKXURAL PIVOT 
VIRTICAL EXCITATION 
LIQUID OAMPBO (c - 2) 
RIPSRINCX TABLK 30 

•01 r 

.001 - 

i 1 
10 

FMQOBICT - C.P.S. 

Plgur« 01.    nmuponmm Curv« for T«ro-01a«nsioBml DAVI 

70 

140 



.01 

T 

100 f- 15° FLBXURAL PIVOT 
VERTICAL EXCITATION 
LIQUID DAMPED (c - 3) 
REFERSMCS TABLE 30 

10 

e 
t 
M 

s 
2 a 
8 

/ 

/ 

/1 

\ 

\ / 

v 

.001 
I     III _l 1 -L! 

10 

FMQUBICT - C.P.B. 
70 

Figur« 62. Rtsponse Curve for Two-DiMOSlonal DAVI 

141 



100 15° FLXXURAL PIVOT 
VERTICAL EXCITATION 
LIQUID DAMPED  (c  - 4) 
REFERENCE TABLE 30 

10 

A 
/ 

»4 

s 
8    , ä     .1 
8 

\ 

1/ 

/ 
• — •. 

• 01 

.001 
I      »    i   »   I  ■ « I J 

10 70 
PIUQUBMCT - C.P.8. 

Figure 63.     Response Curve for Tvo-Disensional DAVI 

142 



100 r 15° FL1XURAL PIVOT 
VERTICAL EXCITATION 
LIQUID DAMPED (c - 5) 
REFERENCE TABLE 30 

10 

M 
a 
s 
8 s a .i 

.01 

,001 - 

.A 
/\ 

\ 

.• 

I      I     I   l   i   l I I 
10 70 

PMQUBICT - C.P.8. 

Pigur«  64.    R«spoiis« Curv« for Tvo-DlMBsional DAVI 

1 
t 

I 

143 



10 

S .1 

•01 

.001 - 

. ••• 

15° PLBCUSAL PIVOT 
YIRTICAL nCITATION 
LIQUID OAMPIO (c - 6) 
UBmiNCI TABLI  30 

A 

\ 

v/ 

X 4. j i JL i  I 

Figur« oo. 

10 

PUQUBICr - C.P.S. 

Bmrnpou— Curv« for T«o-DiB«Mlonal DAVI 

70 

•1 

i   ! 
      i. 

W 



100 

10 

•01 

.001 - 

1 
15° FLIXURAL PIVOT 
VIRTICAL EXCITATION 
LIQUID OAMPIO (c - 7) 

30 

• 
• 

m 

* *— s 

I l i i I I 
10 70 

PMQUBICT - C.P.i. 

Pigur« 06*    itespons« Curv« for Tvo-DlMiisional DAVI 

145 



100 

10 

H0 

M 

8 

15° FLKXURAL PIVOT 
VKRTICAL EXCITATION 
LIQUID DAMPKD (c - 8) 
RIPIRINCI TABLE 30 

\ "AA S 

.1 

.01 » 
» 

> 

- 

• 

001 - 

1 
10 

PUQUBICT - C.P.S. 

Plgure 07.    Respons« Curv« for Tvo-DlB«nslonal DAVI 

70 

140 



I 
100 15° FLBXURAL PIVOT 

VERTICAL EXCITATION 
LIQUID DAMPED (e - 9) 
REFERENCE TABLE 30 

10 

ff 

c 
M 

S 
S -i 
s 

\ 
.** 

^v 
-,«- 

.01 

•001 
x i      I i   I   i  i i I 

10 

nuQUBicr - c.p.s. 
Figure 68.    Response Curve for Two-Dlsensional DAVI 

70 

147 



TABLI  31 

f 

UMIDIRBCTIOMAL DAVI TRAM8lfI88IBILITT TI8T DATA 
i&o FLUUBAL PIVOTS 
vmicAL HCITATIOM 

%:vw Input Output Output 
Input 

5.0 51.00 45.00 .90 
6.0 45.00 59.00 1.31 
7.0 43.00 70.00 1.62 
8.0 30.00 98.00 3.27 
8.5 10.90 88.00 8.07 
9.0 20.50 72.00 3.50 
9.6 32.00 30.00 .94 
10.0 34.00 10.00 .29 
10.4 35.00 .35 .01 
11.0 33.50 6.10 .18 
11.5 33.00 8.50 .26 
12.0 31.00 10.00 .32 
13.0 29.00 11.20 .39 
15.0 23.50 11.20 .47 
17.0 20.00 10.20 .51 
20.0 15.80 8.50 .54 
25.0 10.50 6.20 .59 
30.0 7.50 4.50 .60 
35.0 5.40 3.20 .59 
40.0 4.20 2.50 .60 
45.0 3.40 2.10 .61 
50.0 2.70 1.60 .59 
60.0 1.70 1.10 .65 
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TABLE 32 

UMIDIRICTIOIIAL DAVI TRANSMISSIBILITY TIST DATA 
7-1/2° FLIZDRAL PIVOTS 

VERTICAL EXCITATION 

Frequency Input Output Output 
(c.p.s.) Input 

5.0 50.00 54.00 1.08 
5.6 51.00 56.00 1.10 
6.0 51.00 56.00 1.10 
6.5 50.00 56.00 1.12 
7.0 48.00 56.00 1,17 
7.5 46.00 55.00 1.20 
8.0 44.00 55.00 1.25 
8.5 40.00 56.00 1.40 
9.0 35.00 60.00 1.71 
9.2 31.00 64.00 2.06 
9.4 26.00 70.00 2.69 
9.6 14.10 78.00 5.53 
9.8 10.00 66.00 6.60 

10.0 30.00 33.00 1.10 
10.2 36.00 10.00 .28 
10.3 36.50 .90 .02 
10.4 36.50 5.10 .14 
10.6 36.50 11.20 .31 
10.8 35.00 15.00 .42 
11.0 34.80 17.50 .50 
11.5 32.00 20.00 .63 
12.0 30.00 21.00 .70 
13.0 26.00 20.00 .77 
14.0 23.00 18.50 .80 
15.0 21.00 17.00 .81 
17.0 17.00 14.00 .82 
19.0 14.20 12.20 .86 
20.0 13.00 11.20 .86 
25.0 8.90 7.60 .85 
30.0 6.00 5.20 .86 
35.0 4.30 3.85 .90 
40.0 3.10 2.95 .95 
50.0 2.20 1.10 .50 
60.0 1.20 1.10 .91 
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4 

MASS AW) CIHTIR OF GRAVITY KFMCTS 

ON TSAMSailSSIBILITY 

DMIQII OF DAVI TMT PLATFOMi 

Thm Optimum  DAYI 

Ihm  optlAua DAVI design fro« Task 4 la shown In Figure 71. 
It had perforssd well in tests, under Task 4, and had a 
50-pound load-carrying capacity dua to the use of a stiff 
flexural pivot which was doing double duty as the spring 
element end as a frictionless pivot. Thus, four new 
nodels of this type were constructed, leaving the existing 
test aodel fro« Task 4 as a spare. 

The Unstiffened Pintfor« 

Preliainary inveatigation of the proble« of constructing 
a working platfor« was kept sisple. The four DAVI's w«re i 
tuned to antiresonat« at the saae frequency (10.5 c.p.s.). 
They were then clasped underneath the four corners of a 
36-inch-by -91-inch sheet of honeycosb alu«inu« sheeting 
and bolted by «eans of a 36-inch-by-21-inch sheet of 
3/4-inch plywood to an electrosagnetic shaker and tested 
for frequency response fro« 5 c.p.s. to 100 c.p.s. 

It was found that this arrangesent was satisfactory up to 
a load of approxiaately 50 pounds. But, with loads in 
excess of 50 pounds, the static deflection of the platfor« 
was significant. Also, under dynasic condit'ons, es- 
pecially at the DAVI resonant frequency, because of the 
large vibratory deflection in the pivots, overloads could 
develop quite rapidly. 

The large deflections also gave cause for concern that 
the flexural pivots were being subjected to an excessive 
smoaat of lateral torsion for which they were not de- 
signed. 
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DAVI Plate -£ 

Shaker Table y^ 

DAVI 
^T" pivot 
^ axis 

Shaker 

Figure 72a. OAVI Platfom Schematic 

Lateral 
Torsion ^ 

uvi 

Load DAVI Plate 

Shaker Table y 
Shaker 

Lateral 
Torsion 

Figure 72b. DAVI Platfors Schesatlc 

Figure 72a Is a typical cross section of the platform 
through the DAVI pivot axes with the platfora unloaded. 
Figure 72 b Is an exaggerated view of the platfora now 
loaded to large deflections. The relative positions of 
the DAVI axes and the edges of the platfora and the sup- 
porting plates« before and after loading, clearly 
Indicate that lateral torslonal forces would tend to 
bend the flexural pivot perpendicular to Its (designed) 
torslonal axis.  In extreae cases, this bending will have 
a significant effect on the torslonal spring constant of 
the pivot. 

The actual OAVI Itself at this tlae was still a transitional 
configuration. The flexural pivots were doing double duty 
as the spring eleaent and as the frlctlonless pivot.  In 
the prellalnary process of tuning a DAVI to s specific fre- 
quency # this configuration was found to be very sensitive 
to any alsallgnaent In the surfaces to which the upper 
and lower plates of the OAVI were attached. This corrobo- 
rated the observations of the previous paragraph. 
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Purtheraore, under conditions of sinusoidal loading« un- 
wanted low frequency resonant peaks, due to the flexi- 
bility of the platfors, distorted the frequency response 
characteristic to such an extent that correlation with 
theoretical response curves was impossible. 

All these considerations pointed to the necessity for 
stiffening the platfors. 

The four-Bar Linkage 

However, it was also faared that a stiffened platfors 
would introduce new probleac. The coabination of 
a rigid platfors, a rigid supporting structure, and two 
OtVI's in line constitutes a four-bar linkage (see 
Figure 73). 

Rigid Platfors (Link 1) 

DAVI Bars 
(Links 2 Ik 3) 

Rigid Supporting Platfors 
(Link 4) 

Figure 73.  DAVI Platfors Four-Bar Linkage 

lleMntary gsoastry dictates that for perfectly rigid 
links the sot ion of such a structure is severely Halted. 
Yet, the present work required that the inertia bars of 
both D4TI*s haws complete independence of sot ion. Altbottgh« 
the angular Motions of the MVI inertia bars would be 
ssall, it «as still thought that, ewsn If the DAVI anti- 
resonant offset «as not iapaired, the fatigue life of 
the pivots would be drastically rsducsd. 
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rt 
8ulM«qu«nt t««tlng shoved that aost of th« advantag«« 
hopod for, and non« of th« disadvantagoa feared, were j 
forthcoaing fro« the stiffened platfora. 

Thus, on the one hand, while stiffening greatly reduced 
th« platfom deflections and the lateral torsional torque I 
on the flexural pivots and removed to higher frequencies 
the unwanted extraneous resonant peaks, the OAVI's were 
still quite sensitive to slight sisalignaent of sating 
faces. On the other hand, the four-bar rigid linkage 
effect «as never in evidence, either in performance tests • 
or in fatigue tests. 

The Final BMkVI Configuration 

The last probleas, that of etrees in the flexural pivots and 
that of sensitivity in tuning of the OAVI to sisalignaent, '{ 
«ere solved by changing the DAVI configuration. Where- 
as the flexural pivots had been required to act also 
as spring eleaents, they «ere no« relieved of this duty 
by including a parallel spring to take the sain load (see 
Figure 74).    This «as done sainly to solve the stress 
problea, «hloh Is discussed subsequently. Boeever, it 
also ssrved to sake the DdVI's less sensitive in tuning 
to sating face sisalignsent, since the flexural pivot 
stiffness «as greatly reduced. The reduction in sensi- 
tivity to sisalignsent is explained by the fact that a 
stiff flexural pivot, subjected to appreciable lateral 
torsion, experiences a percentage change in torsional 
spring constant; and, thus, the antiresonant frequency 
of the mvi, «hich is directly proportional to this 
spring constant, «ill change by the ease percentage. The 
no« configuration, being sensitive to sisalIgnsent only 
insofar as the torsional spring constant of a such softer 
flexural pivot is involved««ill thus alter the antiresonant 
frequency to a such ssaller degree. 

Shock Test 

Since the platform «as also to be tested under shock 
loading conditions, retaining clips «ere aade to In- 
sure that the parallel helical spring «ould be able to 
withstand negative forces. These clips «ere subsequently 
required to be strengthened. The shock rssults are dis- 
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The L>«t AltTatlon 

While consideratlone of weight econovy were Involved In 
solving the problea of constructing a working platform, this 
factor had not been allowed to play • dominant role. 
However, a good working platform war now in being.  It 
was designed to support WO pounds for a l.O-g Input at 
the tuned frequency and to give infinite life. The DAVI's 
also could be easily tuned to a specific frequency. 

Consideration could now be given to weight savings within 
the DkVl  configuration. 

Hitherto, the criteria used in designing the VAVl  was 
compactness and ease of calculation. Both of these were 
achieved by arranging the DAVI Inertia bar to be 
balanced about the isolated mass pivot; that is, R/r - 1. 

However, more efficient use is made of the DAVI mass, and, 
thus, some weight economy is achieved by arranging the mass 
center of gravity such that the mass terms in the equiva- 
lent MVI inertia expression, JL a.m  RY A A . sre 
significant. r*       • ^k V""U ' 

By using this criterion, the actual weight of each DAVI 
was reduced approxisately SO percent by removing 
half of each inertia bar with further reduction possible 
if required. This is shown in Figure 77. 

The final overall configuration of DAVI and the platform 
used in testing is shown in Figure 74. A close-up is shown 
in Figure 75. Loads up to 300 pounds were tested without 
difficulty. 
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Figure 75. Close-up of DAVI 
Installed on Platform 
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: I 
SIX~DSGRKB-OF-FRBEDOM ANALYSIS - ] 

i 

The Platfora 

The Blx-degree-of-freedom system analyzed here is drawn 
dlagraamatically in Figure 76.  It consists of a bottom 
platform called the DAVI-plate, supported at each corner 
by a BAVI, and a top platform called the top-plate, 
supported on the QAVI plate by a conventional isolator 
at each corner. 

Assumptions 

In the analysis, the corners of both top-plate and the 
QAVI plates are assumed to have vertical freedom of motion 
only.  In terms of the overall system, this means that 
there are six degrees of freedom; that is, vertical 
translation, pitch, and roll in each plate. 

■ 

Equations of motion are derived for general coupled J 
motion by locating the center of gravity of each plate 
eccentric to the axes of symmetry. 

The amplitude of input motions to the system are assumed * 
to be such that angular motions of the DAVI bars remain 
in the small angle range.  Thus, linearized simplifications 
are used throughout. 

In order that the system have an antiresonance, it is 
necessary that the four DAVI's have an antiresonance at 
the same frequency.  Thus, the analysis assumes that the 
four DAVI's have the same inertia, mass, and dimensional 
characterist ics. 

DAVI Configuration 

In the practical testing, two configurations of the DAVI 
were used.  In the early stages of testing, the DAVI bar 
was balanced around the mass pivot (see Figure 71).  This 
allowed a simplification of the formula for the anti- 
resonant frequency ano was a convenience in predicting 
performance.  Later, significant weight savings were 1 
effected by altering the mass-inertia configuration of 
the DAVI bar.  The new configuration is shown in Figure 77. 
However, the analysis includes both configurations. 
Figure 78 show« the final DAVI configuration with nomen- 
clature. 

* i 
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THE ANALYSIS 

In Figure 76,   "Series-Damped OAVI ^ Platform Schematic", It 
Is Indicated that the top-plate and the DAVI-plate both 
have freedom to pitch, roll, and translate vertically.  The 
position direction assumed for each motion is indicated by 
the appropriate arrow. 

DAVI-PLATE 

SHAKER TABLE 

Figure 76. Series-Damped DAVI > 
Platform Schematic 
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0=3 

INERTIA   WEIGHT 

INERTIA    BAR 

INERTIA HOUSING 

SL'PPORT  PLATE 

PIVOT   SUPPORT 

FLEXURAL PIVOT 

■' 

Figure 78 .  DAVI Aaseably 
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Thus, vertical notion of each corner of each plate can 
be expressed as follows: 

zo4 
=20 4- 0Da -f (t)0 n (54) 

(55) ZTi »ZT 4  6^ A   4 (J)TN 

ZT, -2T   -  ^ B   4-4>T N 

Z03-20 -1- Sa -^om 

(56) 

(57) 

(58) t 

(69) 

HO4"2D-   6b   b    -00^ (60) 

z T4 - 2 T - ey B - <t)T rv\ (en 

Next, the geoaetry of each DAVI bar rotating through 
angles ©N (N " 1| 2, 3, 4) produces the following 
relations: 

fro« which 

R HN- z0^ (»-p-) ■*•   r" ZS W) 

eN = 
zo»s»- zs   . gPH" z^     (62) t 

r o 
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1 
where N - 1, 2, 3, 4 refers to conditions at each corner, 

From  (63)  and   (54): 

z, = 0-^)(zD+eDa-f 0O nU T-ZS   «*) 
From  (63)  and   (56): 

Z2 = (l  -■F)(ZD-Ö0b+  (t>Dn)4.    f Zs      (65) 
From  (63)  and   (5tf); 

^O-"rKZc^ e0a-4)Dim)4. ^Zs   (66) 
From   (63)  and   (60): 

x4-0-fUzo-©ob-<J>DimU  R2s 

Next, from (62) and, in turn. (64), (56). (58), and (60): 

©.-^CZo +öoa +(J>x,n)-J:2s 

ee—^(z0 -eD b +0oMVJ-2s 

(67) 

G '4-Y(io   -©ob -<>0^)-^Z 

(68) 

(69) 

(70) 

1 
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The kinetic energy expression for the system can now 
be written: 

■ 

;(l-S)(iD-G0b4<i.0n -f-fH,]* + 

(iD+e0c^-iom-2s)1 + 

(Zo-öo^-^o^-Zs) ] (71) 

I • 

Jl f 
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1 
The Potential  Energy Is: 

I 

j ^[^-f-ejA + ctyN-Zo-eo a -ct>ori)V 

CZT+©TA-<1>TM-20-©0a. +ct)Dm)t-l- 

(72) 

t 
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Dissipation Function: 

i c*a**o*T C oj[( I- ^o+ ö0* + ♦o^ + f Z s 3 'f 

.^2 

(HO"®D b - ionn-Zs)1]   (73) 
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IQUATIOHS OF MOTIOW 

Th« •quatlons of aotlon are derived by Lagranglan aethode. 
After grouping teras they are: 

2T equation 

MT2T-».CZT2T-|.4lc'TZT-4-eKT (A-B)öT  " 

e.KT(m-A))(t>D -O  (74) 

öy equation 

aKT(A-ö)zT + ^ ©T + ceT eT + a»cT (AS B1)GT - 

KT (A-B)(tA-K)<l>T-a^T (VB^D- 

SKTCAIX-VB^OO^KT (A-^fTHliy^o-O (76) 

0T equation 

-aKT0A-M)zT-KT (A-B)(IA-^)9T ¥ iTCJ>T ^ 
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/w     ^ 

öo equation 

. lD-^^(at-^bl)[m.Cl-f) + ■^])eD-^- 

jce0•+^(«.»+b•)^frc0+c4eD + | 

(a- b)(m- n) [(I- ^^C o + C©] ^o - | 

(a-bXw»-nXKo4K-0*>D-eK-t(a-b)ZT    " 
-2(Aa.+ Bb)©Tt<T+CM-N)(a.-b)   4>TKT ' 

. 2(cx-b)[-|(>-£)m. + ^]2s+ 

e(a-b)[-fi(l-B)cD-*-Ce]is +e(a-b)K0Zs (77) 
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jrp   equation 

2(m-h)[(l-f),Co4Celi0- Z(m-n)(Ko-Ki)io " 

(rrHnXa-bXo-fi^+^jGo  - 

((n-D) (a -b)[(l - ■?)' C 0 + C©] ©o   - 

(W)-n)(a-b)(KT + KD)©o   + 

-2 (m-n) [ |(\- S) m.- ^.] E5 + 

c(m-»0[-5(i-f)co-Co]is-a,<o (w^^s (78) 

1 
i 
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^D »quation 

4(KD+KT^o2(a-b)[m0 (l-f )*+ f.] 9 D + 

2fa-b)[(l- ^)8CD + C©] Ö0+2 (a -b) (KD + KT)öD + 

2^m-n)[>w.f 1 -^)2+ -f-»] ^D " 

2(m-h)[(\-*fc0+C&] (i>D + 

(7 0) 
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MVI g Isolated Platfor» 

Tables 33 through 38 give the nuaerical results and 
Figures 80 through 85 show the graphical results of the 
tests conducted on the DAVI O* Isolated Platfom. These 
tests were conducted for Isolated «eights of 55, 150, 
and 200 pounds with a neutral center of gravity. Three- 
inch lateral and longitudinal offset center of gravity 
tests «ere conducted at 150 pounds, and a test with a 
3-inch lateral offset center of gravity at 200 pounds 
«as done also. 

It is seen froa these results that although the sagnitude 
of the isolated aass did change the natural frequency 
of the syates, it did not affect the antiresonant fre- 
quency and that over 98-percent isolation at this fre- 
quency «as obtained in all cases. 

Series-Dasped DAVI y Isolated Platfom 

Table 39 and Figure 86 give the nuaerical and graphical 
results of the Series-Daaped DAVIO' Isolated Platfom 
test. This platfora «as constructed as shovn in Figure 
76. Conventional rubber aounts «ere used bet«een the 
interaediate or DAVI-plate and the isolated platfora. 
No external daaping «as used, and only daaping obtained 
froa the conventional rubber isolators is rsfle«. ced in 
the testing. It is seen froa the test results that t«o 
aodes of aotloa «ere obtained, and at the natural fre- 
quencies the transaissibilities «ere greater than 1.0. 
This «as due to the ainiaua aaount of daaping in the 
systea. It is also seen that the antiresonance «as not 
affected by the introduction of the Series Systea and 
that 97-percent isolation «as obtained. The high frequency 
isolation as obtained In the test approached aero as la 
a conventional Isolator. Analysis has abova that, «ith 
proper daaping, over 50-percent iaolatlon could be obtained 
for the second Mode of aotloa on the Series-Daaped 0AVI. 

Tablea 40 aad 41 aho« the auaerleal result a aad Figuroo 87 
and M give the graphical results of the «artleal and 
latsral sxeltatloaa oa the Serlea-Oaaped DATI'T' Isolated 
Platfora. It la aooa froa these results that the vertical 
iaolatlon «as aot affected by the lateral laput. 
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Tabl« 42 astf Figur« 89 glv« th« results of a t«st on a 
Siaclo BkVl öL , Those result•» «boa coaparod to the 
rooulta of tho DAVIoc isolated Platforu, are eseentially 
the aaae, and they give the ease antlresonant frequency. 
It la oeenf therefor«t that the four DA?!'« acting in 
parallel did not affect the tuned frequency. 

Conventional Isolation Syete« 

Table 43 and Figure 90 give the results of a test «ads on 
a conventional isolation systes. This conventional sys- 
tem was obtained by renoving the DAVI's and leaving only 
the spring. This was done for a 158-pound isolated 
«eight with a neutral center of gravity. Therefore, a 
direct coaparisoo can be aade between Figure 90 and 
Figure 81, the results of the ease condition, but with 
OftVI isolation. It is seen with this cosparison that 
the DAVI isolated platfom had a natural frequency of 
8.8 c.p.s. and the conventional systes had a natural fre- 
quency of 9.0 c.p.s., even though the spring rates are 
identical. The DAVI isolated platfors started to isolate 
at 8.0 c.p.s., below the resonance of the conventional 
systes, whereas the conventional systes started to iso- 
late at 12.5 c.p.s. At the tuned frequency of the DAVI, 
98-percent isolation was obtained, and at this frequency 
the conventional systes had an asplification of 5.57. 
The frequency at which the isolation for both systess 
becaae identical is approxisately 17.5 c.p.s. 

t 
Corrslation 

Correlation of the analytical and test results was «ads. 
The results of the calculations are shown on Figures 81, 
83, 85, and 86 and coapared directly to the test results. 
Although equations of notion for six degrees of freedoa 
were derived, only the analysis of the single degree of 
f reedoa of the OAVI oc was required to correlate the 
results givsn in Figures 81, 83, sad 85. The two-degree- 
of-freedoa Series-Dasped DAVI ^ equations were «aed to 
correlate the results of Figure 86. It is seen froa 
these results that excellent correlation was obtained. 

i 

i 
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TABLE 33 

DAVIOC ISOLATED PLATFORM TRAMSMISSIBILITY TEST DATA 
CENTRAL CENTER OF GRAVITY 
ISOLATED WEIGHT« 55 POUNDS 

Frequency Input Output 
Output 

(c.p.s.) Input 

5.0 3.20 4.00 1.25 
5.5 3.70 5.00 1.35 
6.0 4.20 5.70 1.35 
6.2 4.40 6.00 1.36 
6.4 4. 50 6.50 1.44 
6.6 4.70 7.50 1.59 
6.8 4.80 8.00 1.67 
7.0 5.00 8.80 1.76 
7.2 4.90 9.50 1.93 
7.4 4.60 10.50 2.28 
7.6 3.80 11.00 2.89 
7.8 2.80 10.50 3.75 
8.0 1.30 9.20 7.07 
8.2 .15 7.00 46.70 
8.4 1.00 5.20 5.20 
8.6 1.70 4.00 5.41 
8.8 2.10 3.00 1.42 
9.0 2.50 2.20 .88 
9.2 2.80 1.50 .53 
9.4 2.90 1.05 .36 
9.6 3.20 .65 .20 
9.8 3.30 .30 .09 
10.0 3.50 .04 .01 
10.2 3.50 .25 .07 
10.4 3.50 .45 .13 
10.6 3.70 .60 .16 
10.S 3.50 .70 .20 
11.0 3.60 .85 .24 
11.2 3.60 .95 .26 
11.4 3.80 1.10 .29 
11.6 3.50 1.15 .33 
11. tf 3.50 1.20 .34 
12.0 3.60 1.30 .36 
12.5 3.50 1.40 .40 
13.0 3.30 1.40 .42 
13.5 3.20 1.40 .44 
14.0 2.80 1.30 .46 
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TABLB 33 (OontiaiMd) 

Pr«qu«ncy Input Output Output 
(c.p.s.) Input 

14.5 2.80 1.30 .46 
15.0 2.60 1.30 .50 
16.0 2.30 1.20 .52 
17.0 2.00 1.10 .55 
18.0 1.70 1.05 .62 
19.0 1.50 .95 .63 
20.0 1.40 .85 .61 
22.0 1.05 .70 .66 
24.0 .85 .60 .71 
26.0 .65 .50 .77 
28.0 .52 .42 .81 
30.0 .45 .38 .84 
32.0 .35 .33 .94 
34.0 .29 .29 1.00 
36.0 .24 .25 1.04 
38.0 .19 .23 1.21 
40.0 .16 .21 1.31 
42.0 .12 .19 1.58 
44.0 .12 .19 1.58 
46.0 .10 .17 1.78 
48.0 .06 .16 2.67 
50.0 .06 .17 2.83 
52.0 .06 .15 2.50 
54.0 .02 .15 6.82 
56.0 .03 .15 5.00 
58.0 .08 .10 1.25 
60.0 .04 .15 4.29 
62.0 .05 .16 3.20 
64.0 .10 .18 1.80 
66.0 .15 .16 1.07 
68.0 .10 .15 1.50 
70.0 .19 .23 1.21 
72.0 .33 .23 .69 
74.0 .13 .08 .58 
76.0 .13 .05 .35 
78.0 .06 .10 1.67 
80.0 .11 .16 1.52 
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TABLI 33 (Oootiaued) 

Frequency Input Output 
Output 

(c.p.e.) Input 

82.0 .34 .38 1.11 
84.0 .19 .08 .42 
86.0 .11 .16 1.46 
88.0 .28 .37 1.32 
90.0 .20 .13 .65 
92.0 .16 .15 .94 
94.0 .10 .17 1.70 
96.0 .02 .28 14.00 
98.0 .05 .15 3.08 
100.0 .07 .06 .89 

n 
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TABLE   34 

DAVI OC   ISOLATED PLATFORM TRANS«S8IBILITT TEST DATA 
CENTRAL CENTER OF GRAVITT 

ISOLATED WEIGHT,   150 POUNDS 

Frequency Input Output 
Output 

(c.p.s.) Input 

5.0 16.00 80.00 1.75 
5.2 16.00 84.00 1.87 
5.4 16.00 89.00 2.06 
5.6 15.00 92.00 2.33 
5.8 13.00 88.00 2.69 
6.0 11.00 75.00 3.00 
6.2 8.50 96.00 3.76 
6.4 6.00 90.00 5.16 
6.6 3.30 76.00 8.48 
6.8 0.75 58.00 29.30 
6.9 1.15 50.00 16.52 
7.0 1.80 49.00 10.50 
7.2 3.80 45.00 4.47 
7.4 5.50 40.00 2.72 
7.6 7.00 35.00 1.85 
7.8 8.50 36.50 1.29 
8.0 10.00 16.00 1.00 
8.2 11.00 17.00 .81 
8.4 12.50 15.00 .60 
8.6 13.50 12.50 .48 
8.8 15.00 10.50 .36 
9.0 16.00 8.00 .28 
9.2 17.00 6.00 .21 
9.4 18.00 4.70 .15 
9.6 18.00 3.10 .10 
9.8 19.00 1.30 .06 

10.0 20.00 .45 .02 
10.2 21.00 1.50 .03 
10.4 22.00 2.90 .06 
10.6 22.00 4.10 .08 
10.8 22.00 5.10 .11 
11.0 23.00 6.10 .13 
11.2 23.00 7.00 .15 
11.4 23.00 8.30 .16 
11.6 23.00 9.20 .19 
11.8 24.00 10.10 .19 
12.0 24.00 11.00 .21 
12.5 23.50 17.50 .24 
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TABLI 34 (0oBtimi«d) 

Fr«qu«ncy Input Output Output 
(c.p.s.) Input 

13.0 23.00 6.80 .25 
13.5 23.00 9.10 .27 
14.0 22.00 9.50 .29 
15.0 20.00 10.00 .29 
16.0 18.00 7.70 .34 
17.0 16.00 8.40 .38 
18.0 14.50 7.10 .40 
19.0 13.50 6.60 .41 
20.0 12.00 6.00 .43 
22.0 10.00 5.10 .48 
24.0 8.80 4.65 .50 
26.0 7.20 4.35 .55 
28.0 6.20 3.10 .59 
30.0 5.20 2.80 .67 
32.0 4.50 2.60 .73 
34.0 3.70 2.30 .86 
36.0 2.90 1.90 1.00 
38.0 2.10 1.70 1.24 
40.0 1.30 1.40 1.69 
42.0 .90 1.40 2.11 
44.0 .85 .50 1.88 
46.0 1.05 .30 1.57 
48.0 1.20 2.30 2.33 
50.0 1.80 1.80 1.51 
52.0 2.60 .50 1.11 
54.0 3.80 1.60 .78 
56.0 4.80 1.90 .64 
58.0 5.80 1.50 .48 
60.0 6.80 1.30 .44 
62.0 9.00 2.00 .42 
64.0 10.50 1.60 .36 
66.0 11.00 1.10 .35 
68.0 11.50 1.00 .29 
70.0 12.00 .90 .25 
72.0 11.50 .70 .28 
74.0 7.00 .40 .30 
76.0 3.50 .40 .49 
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TABU   34 (OOBtlBIMd) 

Output 
Frequency      Input        Output 
(c.p.s.) Input 

78.0 6.00 1.05 .41 
80.0 6.20 1.10 .89 
82.0 4.00 .50 .68 
84.0 2.80 .30 .50 
86.0 3.00 .40 .57 
88.0 3.90 .45 .51 
90.0 5.00 .50 .50 
92.0 5.00 .45 .38 
94.0 3.30 .45 .64 
96.0 4.20 .45 .50 
98.0 5.50 .48 .36 

100.0 7.50 .48 .29 
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TABU 35 

DAVI OC ISOLATID PLATPORM TRANSMISSIBILITT TI8T DATA 
CENTRAL CWTIR OP GRAVITY 
ISOLATED WEIGHT« 200 POUNDS 

* 

* 7cTe."y Input Output Output 
Input 

5.0 6.70 14.00 2.08 
5.2 6.00 15.00 2.50 

, 5.4 4.80 13.50 2.81 
5.6 4.20 14.00 3.33 
5.8 3.00 13.00 4.33 
6.0 2.00 12.50 6.25 
6.2 1.05 12.50 11.90 

i 6.4 .45 10.00 22.22 
6.6 .95 7.00 7.37 
6.8 1.60 6.00 3.75 
7.0 2.20 5.80 2.64 
7.2 2.90 4.80 1.66 
7.4 3.30 4.50 1.36 
7.6 3.80 3.40 .89 
7.8 4.30 3.50 .81 
8.0 4.80 3.30 .69 
8.2 5.20 2.90 .56 
8.4 5.80 2.50 .43 
8.6 6.00 2.20 .37 
8.8 6.50 1.80 .28 
9.0 7.00 1.50 .21 
9.2 7.30 1.20 .16 
9.4 8.00 .98 .12 
9.6 8.30 .70 .08 
9.8 8.80 .45 .05 

10.0 9.20 .28 .03 
10.1 9.50 .23 .02 
10.2 10.00 .25 .03 
10.4 10.50 .44 .04 
10.6 10.50 .65 .06 

• 10.8 10.50 .88 .06 
11.0 11.00 1.10 .10 
11.2 11.00 1.30 .12 
11.4 11.00 1.50 .14 

• 11.6 11.00 1.75 .16 
• 11.8 11.50 1.90 .17 

12.0 12.00 2.20 .18 
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TABU 35 (OoBtiniMd) 

7ce.r.n.? Input Output Output 
Input 

12.5 11.50 1.80 .16 
13.0 11.50 2.30 .20 
13.5 11.50 2.50 .22 
14.0 11.00 2.60 .24 
15.0 10.00 2.70 .27 
16.0 9.20 2.80 .30 
17.0 8.20 2.60 .32 
18.0 7.80 2.50 .32 
19.0 6.80 2.50 .37 
20.0 6.20 2.40 .39 
22.0 5.20 2.20 .42 
24.0 4.50 2.00 .44 
26.0 3.80 1.90 .50 
28.0 3.20 1.80 .56 
30.0 2.60 1.80 .69 
32.0 2.20 1.70 .77 
34.0 1.60 1.60 1.00 
36.0 1.10 1.30 1.18 
38.0 .88 1.30 1.48 
40.0 .55 1.15 2.09 
42.0 .45 1.10 2.44 
44.0 .65 1.05 1.62 
46.0 .75 1.10 1.47 
48.0 1.05 1.50 1.43 
50.0 1.40 1.50 1.07 
52.0 2.30 1.80 .78 
54.0 3.20 2.00 .62 
56.0 3.70 2.40 .65 
58.0 4.20 2.00 .48 
60.0 4.50 2.20 .49 
62.0 5.50 2.30 .42 
64.0 3.40 2.10 .62 
66.0 3.80 2.00 .53 
68.0 4.40 1.80 .41 
70.0 3.40 1.10 .32 
72.0 2.10 1.30 .62 
74.0 2.40 1.50 .63 
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TABU 35       (Oontinurt) 

i 

Frequency 
(c.p.e.T 

Input Output Output 
Input 

76.0 3.30 1.75 .53 
78.0 4.60 2.20 .48 
80.0 4.50 2.40 .53 
82.0 7.50 3.20 .43 
84.0 1.30 1.70 1.31 
86.0 2.50 2.30 .92 
88.0 3.40 2.70 .79 
90.0 4.40 2.70 .61 
92.0 4.70 1.60 .34 
94.0 2.40 .50 .21 
96.0 3.10 .44 .14 
98.0 4.80 .63 .13 
100.0 7.00 .65 .09 
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TABLE  36 

DAVI   OC   ISOLATED PLATFORM TRAMSMISSIBILITY TEST DATA 
3-INCH LATERAL OFFSET CENTER OF GRAVITY 

ISOLATED WEIGHT,   150 POUNDS 

Frequency 
(c.p.s.) 

Input Output Output 
Input 

5.6 17.50 28.50 1.63 
5.8 19.50 35.00 1.79 
6.0 22.80 45.00 1.97 
6.2 25.50 58.00 2.27 
6.4 27.50 72.00 2.62 
6.6 24.00 77.00 3.21 
6.8 17.00 69.00 4.06 
7.0 10.50 57.00 5.43 
7.2 7.60 46.00 6.05 
7.4 5.60 37.00 6.61 
7.6 5.60 28.50 5.09 
7.8 7.10 25.00 3.52 
8.0 8.50 20.50 2.41 
8.2 10.50 17.50 1.67 
8.4 12.70 14.50 1.14 
8.6 13.00 12.60 .97 
8.8 14.00 11.50 .82 
9.0 15.00 9.70 .65 
9.2 16.50 8.00 .49 
9.4 17.80 6.40 .36 
9.6 18.80 5.50 .29 
9.8 20.00 4.40 .22 

10.0 21.50 3.20 .15 
10.2 23.00 .46 .02 
10.4 23.00 1.62 .07 
10.6 25.00 1.75 .07 
10.8 26.00 2.10 .08 
11.0 28.00 2.80 .10 
11.2 30.00 2.95 .1C 
11.4 29.00 3.90 .13 
11.6 30.00 4.50 .15 
11.8 31.00 5.20 .17 
12.0 32.00 5.90 .18 
12.5 34.00 7.50 .22 
13.0 36.00 8.60 .24 
13.5 35.00 10.70 .31 
14.0 36.00 45.00 1.25 
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TABUS  36 (Continued) 

Frequency Input Output Output 
(c.p.s.) Input 

14.5 34.80 17.50 .50 
15.0 31.50 16.40 .52 
15.5 30.00 12.10 .40 
lt>.U ^tt.ou 11 .GO .40 
16.5 26.00 11.00 .42 
17.0 24.50 10.50 .42 
18.0 20.50 9.30 .45 
19.0 17.50 8.20 .47 
20.0 15.00 7.20 .48 
22.0 12.70 7.50 .59 
24.0 13.00 9.50 .73 
26.0 9.60 6.70 .70 
28.0 7.80 5.30 .68 
30.0 6.50 4.70 .72 
32.0 5.60 4.00 .71 
34.0 4.40 3.50 .80 
36.0 4.10 3.60 .88 
38.0 4.20 3.90 .93 
40.0 4.00 4.00 1.00 
42.0 3.80 4.00 1.05 
44.0 3.20 4.10 1.28 
46.0 3,40 3.80 1.12 
48.0 4.40 4.20 .95 
50.0 3.50 3.50 1.00 
52.0 4.40 4.40 1.00 
54.0 6.50 10.50 1.62 
56.0 9.80 11.00 1.12 
58.0 9.00 10.90 1.21 
60.0 5.50 6.30 1.15 
62.0 7.20 4.90 .68 
64.0 8.20 3.75 .46 
66.0 10.60 3.15 .30 
68.0 13.30 3.30 .25 
70.0 13.50 4.50 .33 
72.0 15.20 4.50 .30 
74.0 27.00 5.80 .21 
76.0 30.50 5.55 .18 
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4 
TABLI  36 (Continued) 

Frequency 
(c.p.s.) 

Input Output Output 
Input 

78.0 32.00 4.78 .15 
80.0 29.00 3.90 .13 
82.0 32.00 3.90 .12 
84.0 32.00 4.90 .15 
86.0 36.00 5.90 .16 
88.0 30.00 6.70 .22 
90.0 42.00 9.50 .23 

191 



ff 

K 
M 

M 
m 
M 
(0 
CQ 
M 

8 

luv 
3-INCH LATERAL OFFSET 
CENTER 0*  GRAVITY 
ISOLATED WEIGHT,   150 POUNDS 
REFERENCE TABLE 36 

•••• EXPERIMENTAL 
  THEORETICAL 

10 

/« 

/   i 

1 

i 

A 
\         ••■■■■ 

\ /^ 

/ 

.1 — 

.01 ft 

■ 

i • 

• 

m 

.001 - 

i          I       I « « « iii                             J 
10 

PRIQUmCT - C.P.8. 

70 

Figure 83. Response Curve for DAYI C£ 
Isolated Plstfom 

192 



TABLE   37 

DAVI <* ISOLATED PLATFORM TRAMSMISSIBILITT TEST DATA 
3-INCH LONGITUDINAL OFFSET CENTER OF GRAVITY 

ISOLATED WEIGHT,   150 POUNDS 

Frequency Input Output Output 
(c.p.s.) Input 

5.0 9.70 13.50 1.39 
5.2 10.90 15.80 1.45 
5.4 12.50 18.50 1.44 
5.6 14.10 22.30 1.58 
5.8 15.90 28.00 1.76 
6.0 19.00 34.00 1.79 
6.2 20.00 44.00 2.20 
6.4 22.00 57.00 2.59 
6.6 19.50 59.00 3.03 
6.8 13.30 51.50 3.87 
7.0 8.55 42.50 4.97 
7.1 12.50 38.50 3.08 
7.2 6.40 34.00 5.31 
7.4 6.10 26.50 4.34 
7.6 5.60 23.00 4.11 
7.8 5.65 19.00 3.36 
7.9 5.49 16.60 3.02 
8.0 6.75 15.50 2.30 
8.2 8.00 12.40 1.55 
8.4 9.60 10.30 1.07 
8.6 9.80 7.70 .79 
8.8 12.60 11.40 .91 
9.0 14.20 11.70 .82 
9.2 16.00 12,00 .75 
9.4 14.20 8.80 .62 
9.6 15.50 6.80 .44 
9.8 16.50 5.10 .31 

10.0 17.50 3.85 .22 
10.2 18.80 4.70 .03 
10.4 31.00 1.00 .03 
10.6 21.50 .95 .04 
10.8 35.50 1.60 .05 
11.0 37.00 2.40 .07 
11.2 38.00 3.40 .09 
11.4 38.00 4.40 .12 
11.6 41.00 5.70 .14 
11.8 43.00 6.80 .16 
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4 TABLI 37 (Continued) 

Frequency 
(c.p.e.X 

Input Output Output 
Input 

12.0 43.00 7.70 .18 
12.5 45.00 9.70 .22 
13.0 47.00 11.50 .25 
13.5 34.00 8.70 .26 
14.0 36.00 9.50 .26 
14.5 35.50 10.10 .26 
15.0 36.00 10.10 .28 
15.5 34.00 9.80 .29 
16.0 31.50 17.00 .19 
16.5 33.00 17.50 .26 
17.0 30.50 11.70 .38 
18.0 26.50 9.50 .36 
19.0 23.00 8.00 .35 
20.0 20.00 6.90 .35 
22.0 32.40 25.50 .79 
24.0 15.80 10.70 .68 
26.0 12.40 7.50 .61 
28.0 5.40 5.50 1.02 
30.0 9.10 4.35 .48 
32.0 8.20 3.67 .45 
34.0 7.20 3.18 .44 
36.0 6.60 3.06 .46 
38.0 6.10 2.75 .45 
40.0 5.40 2.50 .46 
42.0 5.10 2.25 .44 
44.0 4.60 1.98 .43 
46.0 4.10 1.75 .43 
48.0 3.60 1.25 .35 
50.0 3.10 1.10 .35 
52.0 2.55 2.10 .82 
54.0 10.70 14.70 1.47 
56.0 6.90 9.20 1.34 
58.0 4.85 5.80 1.19 
60.0 4.20 4.50 1.07 
62.0 3.70 3.9G 1.05 

s 64.0 3.70 4.20 1.14 
66.0 3.80 3.70 .98 
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TABLI   37 (Continued) 

1 

.1 

Frequency 
(c.p.s.) 

Input Output Output 
Input 

68.0 3.40 4.40 1.30 
70.0 4.60 4.00 .87 
72.0 3.20 3.40 1.06 
74.0 4.20 5.20 1.24 
76.0 5.10 5.00 1.00 
78.0 6.20 5.40 .87 
80.0 9.40 6.65 .71 
82.0 12.80 7.50 .59 
84.0 16.00 7.80 .50 
86.0 18.00 5.80 .32 
88.0 19.40 4.75 .25 
90.0 4.40 4.10 .93 

'i « 

t5 ' 

i 

1. 
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TABLE    i« 

: 

MVI  CX   ISOLATED PLATFORM TRAMSMISSIBILITT TEST DATA 
3-INCH LATERAL OFFSET CENTER OF GRAVITY 

ISOLATED WEIGHT,   200 POUNDS 

V 

Frequency Input Output Output 

1 

(c.p.s.) Input 

• 
f 

5.C 1.60 3.30 2.06 
5.2 2.20 5.20 2.36 1 5.4 2.30 6.50 2.83 

1 5.6 1.20 4.50 3.75 
5.8 .55 2.90 5.30 
6.0 .21 2.10 10.00 
6.2 .09 1.60 17.80 
6.4 .18 1.30 7.20 
6.6 .30 1.10 3.66 
6.8 .42 .95 2.27 
7.0 .51 .79 1.55 
7.2 .62 .69 1.12 
7.4 .71 .59 .75 
7.6 .80 .59 .74 
7.8 .90 .48 .53 
8.0 .97 .48 .50 
8.2 .95 .45 .47 
8.4 1.10 .33 .30 
8.6 1.10 .45 .41 
8.8 1.10 .40 .36 
9.0 1.30 .35 .27 
9.2 1.40 .28 .20 
9.4 1.60 .21 .13 
9.6 1.70 .16 .09 
9.8 1.80 .09 .05 

10.0 2.00 .02 .01 
t 10.05 2.00 .007 .002 
■ 10.2 2.10 .05 .02 

10.4 2.30 .11 .05 
10.6 2.50 .18 .07 
10.8 2.60 .25 .10 
11.0 2.80 .31 .11 
11.2 3.00 .38 .13 
11.4 3.20 .45 .14 

' 11.6 3.30 .51 .16 
11.8 3.50 .59 .17 

1 

• 
1 

12.0 3.50 .62 .18 

i 
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r 
TABLB   38 (OontiniMd) 

Output 
Frequency 
Ccp.«.) 

Input Output 
Input 

12.5 3.50 .71 .20 
13.0 3.30 .75 .23 
13.5 2.80 .70 .25 
14.0 2.30 .65 .28 
14.5 2.20 .59 .27 
15.0 2.10 .59 .28 
16.0 1.60 .52 .33 
17.0 1.20 .45 .38 
18.0 1.00 .45 .45 
19.0 1.20 .34 .28 
20.0 1.20 .32 .27 
22.0 .90 .28 .31 
24.0 .72 .26 .36 
25.0 .62 .24 .39 
26.0 .59 .27 .46 
28.0 .50 .30 .60 
30.0 4.00 2.60 .65 
32.0 3.20 2.48 .78 
34.0 3.50 2.10 .60 
36.0 3.40 2.05 .60 
38.0 3.20 2.30 .72 
40.0 3.00 2.50 .83 
42.0 2.95 2.60 .88 
44.0 2.25 2.60 1.16 
46.0 2.70 2.60 .96 
48.0 2.65 2.90 1.09 
50.0 2.55 2.85 1.12 
52.0 3.10 2.70 .87 
54.0 3.40 4.30 1.26 
56.0 2.90 3.10 1.07 
58.0 3.10 2.40 .77 
60.0 3.50 2.20 .63 
62.0 4.50 2.70 .60 
64.0 4.50 4.20 .93 
66.0 4.90 3.70 .76 
68.0 5.00 4.20 .84 
70.0 4.60 4.70 1.02 

! 

( 

$ 

; 
» 

i 
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TABLE 38 (Oontinued) 

Frequer 
Ccp.« 

l.Y Input Output 
Output 
Input 

72.0 7.80 4.30 .55 
74.0 9.00 4.10 .46 
76.0 10.50 4.50 .43 
78.0 10.40 4.70 .45 
80.0 70.80 5.20 .48 
82.0 11.50 5.70 .50 
84.0 11.00 5.90 .54 
86.0 11.20 6.20 .55 
88.0 9.20 6.70 .73 
90.0 12.70 7.60 .60 
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TABLE 3 9 

SERIES-DAMPED DAVI 'X 
ISOLATED PLATFORM TRANSMISSIBILITY TEST DATA 

CENTRAL CENTER OF GRAVITY 
ISOLATED WEIGHT, 150 POUNDS 

Frequency Input Output Output 
(c.p.s.) Input 

5.0 1.30 1.80 1.38 
5.2 1.40 2.20 1.57 
5.4 1.70 2.80 1.65 
5.6 2.00 3.50 1.75 
5.8 6.50 13.50 2.08 
6.0 8.50 21.00 2.47 
6.2 8.00 25.00 3.13 
6.4 6.00 23.00 3.83 
6.6 3.40 18.00 5.29 
6.8 1.40 13.50 9.64 
6.9 0.50 11.50 23.00 
7.0 0.49 10.00 20.40 
7.2 1.20 8.80 7.33 
7-. 4 1.85 7.20 3.89 
7.6 2.50 6.20 2.48 
7.8 3.00 5.20 1.73 
8.0 3.60 4.50 1.25 
8.2 4.20 4.00 .95 
8.4 5.00 3.40 .68 
8.6 5.20 3.00 .58 
8.8 4.40 2.60 .59 
9.0 16.00 6.00 .38 
9.2 17.00 5.00 .29 
9.4 18.00 4.00 .22 
9.6 20.00 3.00 .15 
9.8 21.00 1.90 .09 
10.0 22.00 1.00 .04 
10.1 23.00 .65 .03 
10.2 23.00 .60 .03 
10.4 25.00 1.40 .06 
10.6 25.00 2.20 .09 
10.8 27.00 3.20 .12 
11.0 28.00 4.00 .14 
11.2 28.00 4.60 .16 
11.4 28.00 5.50 .20 
11.6 29.00 6.20 .21 
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TABLI 39 (Oontinued) 

Frequency Input Output 
Output 

(c.p.e.) Input 

11.8 30.00 7.00 .23 
12.0 30.00 7.80 .26 
12.5 32.00 10.00 .31 
13.0 31.00 10.50 .34 
13.5 30.00 11.00 .37 
14.0 27.00 10.50 .39 
14.5 25.00 11.00 .44 
15.0 24.00 12.00 .50 
15.5 21.00 11.00 .52 
16.0 18.00 10.50 .58 
16.5 16.50 9.80 .59 
17.0 15.00 9.50 .63 
17.5 14.00 9.00 .64 
18.0 12.50 8.50 .68 
18.5 12.00 8.20 .68 
19.0 11.00 8.00 .73 
19.5 10.00 7.80 .78 
20.0 8.00 7.50 .94 
22.0 5.00 6.80 1.36 
24.0 3.30 6.20 1.88 
26.0 1.70 6.20 3.65 
28.0 3.00 6.00 2.00 
30.0 2.70 6.00 2.22 
32.0 4.40 6.20 1.41 
34.0 6.80 6.50 .96 
36.0 10.00 7.00 .70 
38.0 13.00 7.80 .60 
40.0 17.00 8.50 .50 
42.0 19.50 8.50 .44 
44.0 20.00 7.20 .36 
46.0 18.00 5.80 .32 
48.0 16.00 4.80 .30 
50.0 14.00 3.70 .26 
52.0 12.00 2.90 .24 
54.0 11.00 2.50 .23 
56.0 10.00 2.10 .21 
58.0 8.80 1.85 .21 
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TABLI 39 (Continued) 

Frequency Input Output Output 
(c.p.s.) Input 

60.0 8.00 1.70 .21 
62.0 7.50 1.20 .16 
64.0 6.80 1.10 .16 
66.0 6.50 1.00 .15 
68.0 6.50 1.00 .15 
70.0 6.00 .90 .15 
72.0 4.50 .80 .18 
74.0 5.50 .75 .14 
76.0 4.70 .68 .15 
78.0 4.00 .57 .14 
80.0 3.40 .50 .15 
82.0 11.50 .65 .06 
84.0 9.50 .62 .07 
86.0 8.50 .60 .07 
88.0 8.00 .60 .08 
90.0 7.00 .60 .03 
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TABLE   40 

SERIES-DAMPED DAVI T 
ISOLATED PLATFORM TRANSMISSIBILITY TEST DATA 

CONSTANT VERTICAL EXCITATION   (10.4 C.P.S.) 
VARIABLE LATERAL EXCITATION 

CENTRAL CENTER OF GRAVITY 
ISOLATED WEIGHT,   158 POUNDS 

Frequency 
Cc.p.s.) 

Input Output Output 
Input 

5.0 22.00 .50 .02 
5.2 20.00 .45 .02 
5.4 22.00 .50 .02 
5.6 21.00 .48 .02 
5.8 21.00 .48 .02 
6.0 21.00 .48 .02 
6.2 21. Ü0 .50 .02 
6.4 20.00 .55 .03 
6.6 20.00 .65 .03 
6.8 22.00 .70 .03 
7.0 22.00 .70 .03 
7.2 22.00 .75 .03 
7.4 22.00 .80 .04 
7.6 21.00 .68 .03 
7.8 22.00 .78 .04 
8.0 22.00 .78 .04 
8.2 22.00 .85 .04 
8.4 22.00 .95 .04 
8.6 25.00 1.00 .04 
8.8 22.00 .70 .03 
9.0 21.00 .58 .03 
9.2 20.00 .58 .03 
9.4 21.00 .60 .03 
9.6 22.00 .60 .03 
9.8 20.00 .70 .04 

10.0 25.00 .70 .03 
10.2 25.00 .70 .03 
10.4 23.00 .55 .02 
10.6 25.00 .65 .03 
10.8 20.00 .55 .03 
11.0 22.00 .70 .03 
11.5 22.00 .68 .03 
12.0 22.00 .70 .03 
12.5 22.00 .60 .03 
13.0 24.00 .95 .04 
14.0 25.00 1.70 .07 
15.0 22.00 1.30 .06 

205 



*k..       _ 

TABLE 40  (Continued) 

Frequency Input Output Output 
(c.p.s.) Input 

16.0 22.00 1.00 .05 
17.0 22.00 .95 .04 
18.0 22.00 1.00 .05 
19.0 22.00 1.00 .05 
20.0 22.00 ,90 .04 
22.0 22.00 .80 .04 
24.0 21.00 .70 .03 
26.0 20.00 .70 .04 
28.0 21.00 .78 .04 
30.0 25.00 .80 .03 
32.0 23.00 .90 .04 
34.0 21.00 .98 .05 
36.0 21.00 1.50 .07 
38.0 21.00 1.70 .08 
40.0 22.00 1.50 .07 
42.0 23.00 1.30 .06 
44.0 22.00 .95 .04 
46.0 22.00 .90 .04 
48,0 22.00 .90 .04 
50.0 22.00 .70 .03 
52.0 22.00 .80 .04 
54.0 24.00 .70 .03 
56.0 31.00 .70 .02 
58.0 40.00 .70 .02 
60.0 45.00 .70 .02 
62.0 55.00 3.60 .07 
64.0 58.00 4.50 .08 
66.0 30.00 .85 .03 
68.0 29.00 .80 .03 
70.0 31.00 .70 .02 
72.0 33.00 .70 .02 
74.0 36.00 .80 .02 
76.0 38.00 .80 .02 
78.0 42.00 .65 .02 
80.0 47.00 .88 .02 
82.0 50.00 1.00 .02 
84.0 52.00 .75 .01 
86.0 60.00 .85 .01 
88.0 61.00 .95 .02 
90.0 31.00 .75 .02 
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TABLE   41 

SERIES-DAMPED DAVI  ^ 
ISOLATED PLATFORM TRANSMISMBILITY TEST DATA 
SIMULTANEOUS VERTICAL AND LATERAL EXCITATION 

CENTRAL CENTER OF GRAVITY 
158-POUND ISOLATED WEIGHT 

fcr.n.? Input Output Output 
Input 

5.0 3.30 .65 .20 
5.2 3.00 .90 .30 
5.4 3.00 1.15 .38 
5.6 3.50 .55 .16 
5.8 3.80 .75 .20 
6.0 4.00 1.10 .28 
6.2 4.00 1.30 .33 
6.4 3.10 1.40 .4L 
6.6 5.00 1.30 .26 
6.8 6.00 1.00 .17 
7.0 7.80 1.00 .13 
7.2 7.80 1.00 .13 
7.4 7.00 1.00 .14 
7.6 5.90 .85 .14 
7.8 6.10 .80 .13 
8.0 5.70 .78 .14 
8.2 6.50 .85 .13 
8.4 8.80 .70 .08 
8.6 5.50 .42 .08 
8.8 8.80 .70 .08 
9.0 6.00 .45 .08 
9.2 5.20 .42 .08 
9.4 4.70 .40 .09 
9.6 4.50 .42 .09 
9.8 4.40 .42 .10 

10.0 4.40 .39 .09 
10.2 4.40 .35 .08 
10.4 4.40 .34 .08 
10.6 4.50 .40 .09 
10.8 4.60 .34 .07 
11.0 4.80 .35 .07 
11.2 4.80 .35 .07 
11.4 4.50 .35 .08 
11.6 4.80 .36 .08 
11.8 4.80 .40 .08 
12.0 4.70 .48 .10 
13.0 11.20 .95 .09 
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TABLE 41     (Continued) 

! 
• ^.r.0.? Input Output Output 

Input 

14.0 11.00 1.30 .12 
i 14.5 11.00 1.40 .13 

15.0 10.00 1.30 .13 
• 16.0 8.50 1.05 .12 

17.0 7.50 .88 .12 
1 18.0 7.00 .88 .13 
i 19.0 5.50 1.05 .19 
1 20.0 4.50 .78 .17 
! 24.0 4.20 .50 .12 
> 

28.0 6.00 .55 .09 
f 32.^ 11.50 1.50 .13 

36.0 14.00 1.30 .09 
40.0 10.00 1.30 .13 
44.0 9.50 .70 .07 
48.0 7.50 .60 .08 
52.0 7.00 .50 .07 
56.0 12.00 .35 .03 
58.0 18.00 .36 .02 
60.0 19.00 .50 .03 
61.0 24.00 2.10 .09 
62.0 25.00 2.40 .10 
64.0 29.00 4.20 .14 
66.0 40.00 2.50 .06 
68.0 12.00 .80 .07 
70.7 12.00 .85 .07 
72.0 12.00 1.20 .10 
74.0 13.00 1.10 .09 
76.0 15.00 1.50 .10 
78.0 17.00 1.40 .08 

• 80.0 19.00 1.10 .06 
82.0 19.00 1.00 .05 
84.0 18.00 .80 .04 
86.0 17.00 .60 .04 

• 88.0 14.00 .50 .04 
90.0 11.00 .42 .04 
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TABLE   42 

SINGLE DAVI   OC    TRAM8IIIS8IBILITY TEST DATA 
ISOLATED WEIGHT,   35 POUKD8 

FCTosny 
Input Output Output 

Input 

6.0 1.30 3.00 2.31 
6.2 1.40 3.50 2.50 
6.4 1.50 4.00 2.67 
6.6 1.60 4.90 3.06 
6.8 1.60 6.50 4.06 
7.0 .22 6.90 31.36 
7.2 .33 5.90 17.88 
7.4 .68 4.70 6.91 
7.6 .90 3.70 4.11 
7.8 1.10 3.00 2.73 
8.0 1.20 2.40 2.00 
8.2 1.35 1.90 1.41 
8.4 1.50 1.50 1.00 
8.6 1.60 1.20 .75 
8.8 1.65 .90 .55 
9.0 1.75 .69 .39 
9.2 1.80 .50 .28 
9.4 1.90 .37 .20 
9.6 1.90 .22 .12 
9.8 2.00 .11 .06 

10.0 2.00 .01 .007 
10.2 2.10 .09 .04 
10.4 2.10 .16 .08 
10.6 2.10 .23 .11 
10.8 2.15 .29 .14 
11.1 2.20 .35 .16 
11.2 2.20 .40 .18 
11.4 2.20 .44 .20 
11.6 2.20 .48 .22 
11.8 2.20 .50 .23 
12.0 2.20 .55 .25 
12.5 2.20 .61 .28 
13.0 2.20 .68 .31 
13.5 2.20 .70 .32 
14.0 3.20 .72 .33 
14.5 2.20 .75 .34 
15.0 2.15 .78 .36 

an 



TABLE  42      (Continued) 

IfrT.-.y        In«,ut 

15.5 2.10 
16.0 2.10 
16.5 2.05 
17.0 2.00 
17.5 1.95 
18.0 1.90 
18.5 1.85 
19.0 1.80 
19.5 1.70 
20.0 x.70 
21.0 1.60 
22.0 1.50 
23.0 1.40 
24.0 1.30 
25.0 1.20 
26.0 1.15 
27.0 1.10 
28.0 1.05 
29.0 1.00 
30.0 .95 
35.0 .65 
40.0 .68 
41.0 .79 
42.0 .95 
43.0 .60 
44.0 .70 
45.0 1.20 
46.0 1.55 
47.0 2.00 
48.0 2.30 
49.0 2.80 
50.0 2.70 
51.0 2.20 
52.0 2.10 
53.0 1.60 
54.0 1.50 
55.0 1.30 

out Output 
|/U |» Input 

.78 .37 

.79 .38 

.78 .38 

.79 .40 

.75 .38 

.75 .39 

.75 .41 

.75 .42 

.75 .44 

.72 .42 

.70 .44 

.69 .46 

.65 .46 

.62 .48 

.60 .50 

.59 .51 

.57 .52 

.55 .52 

.55 .55 

.55 .58 

.42 .65 

.35 .52 

.35 .44 

.32 34 

.75 1.25 

.58 .83 

.48 .40 

.40 .26 

.40 .20 

.34 .15 

.22 .08 

.23 .09 

.09 .04 

.07 .03 

.15 .09 

.17 .11 

.17 .13 

» 
'   . 
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TABLI  4Z       (Continued) 

Frequency Input Output Output 
(c.p.s.) Input 

57.0 1.00 .21 .21 
60.0 .78 .23 .30 
62.0 .62 .24 .39 
64.0 .52 .27 .52 
66.0 .50 .23 .46 
68.0 .45 .17 .38 
70.0 .34 .16 .47 
72.0 .21 .16 .76 
74.0 .12 .15 .13 
76.0 .18 .25 1.39 
78.0 .25 .35 1.40 
80.0 .40 .38 .95 
82.0 .70 .36 .51 
84.0 1.10 .33 .30 
86.0 1.25 .27 .22 
88.0 1.15 .21 .18 
90.0 1.00 .19 .19 
92.0 .88 .18 .20 
94.0 .78 .16 .21 
96.0 .79 .16 .20 
98.0 .95 .13 .14 
100.0 1.05 .08 .08 

I 
■t 

i 
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TABLE    4 3 

CONVENTlOMAL  ISOLATOR TRANSMISS IBILITT TEST DATA 
CENTRAL CENTER OF GRAVITY 

ISOLATED WEIGHT,   158 POUNDS 

Frequency Input Output Output 

(c.p.s.) Input 

5.0 5.50 7.00 1.27 
5.2 6.00 8.20 1.37 
5.4 6.50 9.80 1.51 
5.6 7.50 11.50 1.53 
5.8 8.50 13.00 1.53 
6.0 9.50 16.00 1.68 
6.2 11.00 19.00 1.73 
6.4 12.00 23.00 1.92 
6.6 13.00 27.00 2.08 
6.8 13.00 29.00 2.23 
7.0 11.50 28.00 2.44 
7.2 10.50 25.00 2.38 
7.4 10.00 25.00 2.50 
7.6 7.50 22.00 2.93 
7.8 6.00 19.00 3 17 
8.0 4.50 17.00 3.78 
8.2 3.50 15.00 4.29 
8.4 2.50 13.50 5.40 
8.6 1.80 12.00 6.67 
8.8 1.15 11.50 10.00 
9.0 .70 10.50 15.00 
9.1 .75 10.00 13.33 
9.4 .85 9.20 10.82 
9.6 .95 8.80 9.26 
9.8 1.20 8.00 6.67 
10.0 1.40 7.80 5.57 
10.2 1.70 7.20 4.24 
10.4 1.90 7.00 3.68 
10.6 2.10 6.80 3.24 
10.8 2.30 6.50 2.83 
11.0 2.60 6.00 2.31 
11.2 3.70 8.00 2.16 
11.4 3.80 7.50 1.97 
11.6 4.00 7.20 1.80 
11.8 4.00 7.00 1.7Ö 
12.0 4.00 6.80 1.70 
12.5 7.80 6.30 .81 
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TABLE 4 3 (Continued) 

Frequency 
(c.p.s.) 

Input Output Output 
Input 

13.0 7.50 6.00 .80 
13.5 7.50 5.20 .69 
14.0 7.50 5.00 .67 
14.5 8.00 4.80 .60 
15.0 8.00 4.50 .56 
15.5 8.50 4.30 .51 
16.0 9.00 4.00 .44 
16.5 9.50 4.00 .42 
17.0 9.80 3.60 .37 
17.t 10.00 3.50 .35 
18.0 10.50 3.30 .31 
18.5 11.00 3.20 .29 
19.0 11.50 3.20 .28 
19.5 12.00 3.00 .25 
20.0 12.00 2.90 .24 
22.0 15.00 2.60 .17 
24.0 17.00 2.30 .14 
26.0 19.00 2.10 .11 
28.0 21.00 1.70 .08 
30.0 24.00 1.40 .06 
32.0 30.00 1.20 .04 
34.0 20.00 .80 .04 
36.0 27.00 .48 .02 
38.0 18.00 .85 .05 
40.0 7.80 .75 .10 
42.0 7.80 .75 .10 
44.0 8.50 1.20 .14 
46.0 8.00 .75 .09 
48.0 7.80 .90 .15 
50.0 7.20 1.20 .17 
52.0 7.00 1.20 .17 
54.0 7.00 1.15 .16 
56.0 7.00 1.10 .16 
58.0 7.00 .95 .14 
60.C 6.80 .80 .12 
62.0 6.50 .60 .09 
64.0 6.00 .50 .08 
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TABLE 43 (Continued) 

Frequency Input Output ,   *V 
(c.p.s.) IoP"t 

66.0 5.60 .4ft .08 
68.0 5.50 .40 .07 
70.0 5.00 .35 .07 
72.0 4.80 .40 .08 
74.0 4.50 .45 .10 
76.0 3.80 .35 .09 
78.0 3.00 .30 .10 
80.0 7.50 .25 .03 
82.0 10.00 .25 .03 
84.0 9.50 .20 .02 
86.0 8.00 .25 .03 
88.0 7.00 .30 .04 
90.0 6.50 .25 .04 
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am Isolated Pilot Seat 

Upon coapletion of the fonutl testing, instruaents trere 
■ounted on the input and output side of the DkYl Oc 
isolated platfom to visually obtain the effects on in- 
strusent isolation. Figures 91 and 92 she« the results 
of a.5-g and l.O-g input, respectively. It is seen fros 
both figures that the instruaent aounted on the output 
side of the DAVI platfora is easily read with no noticeable 
evidence of vibratory input. The instruaent located on 
the input side of the DAVI platfora is starting to blur at 
.5-g and is noticeably blurred at 1.0-g input, aaking 
reading of the instruaent very annoying. It should be 
noted that the instruaent on the input side has auch 
larger figures than that on the output side, aaking it 
easier to read. An instruaent with saaller figures would 
sake it virtually iapossible to read accurately at these 
vibratory inputs. 

A pilot seat was then aounted directly on top of the 
DAVI Ot isolated platfora as illustrated in Figure 93. This 
was done for convenience rather than redesigning the systea 
to incorporate a seat without the top platfora. Figure 94 
illustrates the ease at which the tuning of the DAVI could 
be accoaplished for the purposes of this experiaental 
testing. For a finalised design, the DAVI would be turned 
inward, thus reducing the envelope required. 

Figure 95 shows a 150-pound aan sitting in the DAVI O« 
isolated seat being subjected to a 1.0-g input at 10.5 
c.p.s. It is seen that there is no noticeable violation 
on the occupant or on the seat, and over 98-percent 
isolation was obtained. Various individuals, ranging 
froa a 105-pound secretary to a 220-pound test pilot were 
tested in the seat. The results were all the saae as in- 
dicated in Figure 95. The tuned frequency was not affected 
by the variation in weight, and over 98-percent isolation 
was obtained. 

Handwriting saaples were also taken of the individuals 
seated on the DAVI isolated seat, while being subjected 
to a 1.0-g input. The handwriting, when coapared to that 
taken with sero input, was essentially identical. However, 
handwriting done with a 1.0-g input and the DAVI's 
"shorted out" was unreadable. 
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Tb« results of this testing show the feasibility of tbe 
DAVI configuration to isolate froa low frequency excitation 
cargo pallets and pilot and passenger seats in which the 
weight varies. 
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Figure 93. DAVI oc Isolated Platfor« 
and Seat Installation 
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Figure 94. DAVI Oc Isolated Platform 
and Seat Installation 
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DAVI PLATFORll SHOCK TESTING 

: 

Drop tmmtm  of th« finalised DAYI Oc design were conducted » 
on the MUM plntfora that «as used In the transalsslblllty 
tests. A description of this platfora Is given In the 
preceding section. These drop tests were conducted on 12 
and 13 April 1965, at Barry Controls, Watertown, Mass- 
achusetts, utilising their drop test equlpsent and in- 
st rusentat loo. 

The test equlpsent used was the VP-400 vsrlpulse sachine, 
which Is a free-fall type of ■echanical shock test Machine 
In which peak "g" values are obtained by varying the 
height of the drop. For these drop test results, a half 
sine wave of twenty-allllsecond duration was used as the 
input.  Input peak "g" levels were varied froa 5-g to 
16-g. 

Figure 96 shows an overall installation of the EAVI CX 
Isolated platfora and the instruaentation used to record 
the results. Input and output acceleroaeters located on 
the base of the drop test aachlne and on top of the DAVI 
platfora, respectively, were fed into a dual beaa scope, 
the results being recorded on fila. Figure 97 shows a 
close-up of the DAVI Oc isolated platfora installation. 

The purpose of these drop tests was to deteraine the shock 
transalsslblllty characteristics of the finalised DAVI cc 
design. However, since the analysis given earlier in this 
report shows the DAVI, for a step velocity input, to have 
better shock characteristics than a conventional isolator 
with the saae spring rate; drop tests of a conventional 
spring-aass systea were done by reaovlng the DAVI's to 
corroborate the theory. Figure 98 shows the installation 
of a conventional spring-aass systea in the drop test 
aachlne. 

Drop tests of the DAVI ^ Isolated platfora were aade with 
0, 40, 100, and 200 pounds on the platfora. Drop tests 
«ere also done with a 200-pound Isolated weight, having 
a 3-inch center of gravity offset. Figures 99 and 100 
show the installation of the 100-pound and 200-pound 
neutral center of gravity, respectively. Figure 101 shows 
the installation of the 200-pound with a 3-inch offset. 
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Table 44 ßlves a coaplete tabulation of the 60 drop testa 
done.  Figures 102 to 112, Inclusive, snow the results 
of the 200-pound drop tests. Only the 200-pound drop test 
results are shown, since this was the design weight of 
the DAVI0C isolated platfor« and since this was the aost 
critical.  Figures 102 to 106 show the results for the DAVI 
OC isolated platfor» with 200-pound neutral center of 
gravity for inputs fron 5.5-g to 15-g.  Figures 107 to 110 
give the results of the 200-pound, 3-inch offset center of 
gravity on the DAVI cc isolated platform for inputs ranging 
fro« 5.5-g to 11-g.  Figures 111 and 112 show the results 
of the norsal spring-nass systea with 200-pound, 3-inch 
offset center of gravity for inputs of 12-g and 15-g 
respectively. 

Fro« the inspection of the results, it is seen that the 
DAVlOc configuration gave shock isolation for all cases 
and that, although a pivot arrangement is used in the 
DAVI, there is no indication of a "short circuit"; that 
is, the inability of bar and pivot to react which would 
give a high amplitude, short-duration shock transmission. 
However, a further inspection of the results, when compared 
to the normal spring-mass system, shows the DAVI to have 
two modes of motion, a low frequency fundamental mode of 
approximately 8 to 10 c.p.s. and a high frequency mode 
of 60 to 70 c.p.s.  The normal spring-mass system has 
only one mode of 14 to 15 c.p.s. 

This low frequency mode on the DAVI is the normal mode 
expected for the OAVI OC configuration. The high frequency 
mode, although not totally verified, appears to be a 
bending mode of the inertia bar. 

The results of the drop test can be best summarized in a 
table in which the shock transsissibility is obtained 
by dividing output by input.  Only the results from 
figures having the ordinate of 20 milliseconds/block are 
used so that both the low and high frequency «odo of the 
DAVI can be obtained.  This summary is shown in Table 45, 
where it is seen that excellent shock characteristics 
were obtained for the fundamental «ode of the OAVI. The 
data in the table also confirmed the theoretical results, 
which showed the OAVI to be superior to the conventional 
spring-aass isolator in shock isolation perforaance. A 
short duration, higher a«plitude shock was transaitted; 
however, this had a transsissibility which was always 
less than one. This appears to be associated with a 
flexural «ode of the inertia bar. This was partially 
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verified In which an unrecorded shake test of the Inertia 
bar as a cantilever was done. It had a natural frequency 
of 63 c.p.s. This is essentially the high frequency 
obtained in the drop tests. 

In the experimental design for this pregran, no consider- 
ation was given to the flexural dynamics of the bar.  It 
appears that this high mode could be eliminated by stiffer 
design of the inertia bar; however, further analytical 
and experimental tests would be required. 
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1 

Figure 97. Drop Test Installation - 
DAVI ot Isolated Platform 
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TABLE 44 

ISOLATED PLATFORM SHOCK TEST DATA 
VERTICAL CALIBRATION (G'S PER MAJOR DIVISION) 

HORIZONTAL CALIBRATION (MILLISECONDS PER MAJOR DIVISION) 

Record Vert. Horlz. Load Platfora Isolation 
No. Gal. Cftl. (Lb) Configuration 

I 2 20 40 DAVIOc 
2 2 20 40 DAVIoc 
3 2 20 40 DAVloc 
4 2 20 0 DAVIoc 
5 2 20 0 DAVlor 
6 2 20 0 DAVIoc 
7 2 20 0 Spring-ease systee 
8 5 20 0 Bottoe plate only 
9 5 20 0 Bottoc plate only 
10 5 20 0 Spring-eass systee 
11 5 10 0 Spring-eass systee 
12 5 10 40 Spring-eass systee 
13 5 10 40 Spring-eass systee 
14 5 20 40 Spring-ease eyetee 
15 5 20 40 DAVIa 
16 5 10 40 DAVlor 
17 10 10 40 DAVIoc 
18 10 10 40 DAVIOC 
19 10 10 40 DAVIOC 
30 10 5 40 rm<* 
31 10 5 40 DA VI» 
33 5 20 40 DAVIO: 
33 5 20 40 DAVIOC 
34 5 20 40 DAVICC 
35 5 20 40 DAVIoc 
36 5 20 40 DAVICC 
37 5 30 40 DAVItf 
38 5 5 40 DAVIOC 
39 5 50 40 DAVI* 
30 5 30 100 Both pick-ups on table 
31 5 30 100 Spring-eass systee 
33 5 5 100 Spring-eass systee 
33 5 30 100 Spring-eass systee 
34 5 30 100 DAVlor 
35 5 5 100 DAVIoc 
36 5 5 100 DAVIOC 
37 5 3 100 DAVIOC 
38 5 30 100 DAVlor 
39 5 5 100 DAVICC 
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TABLE 44   (Continued) 

Record 
No. 

Vort. 
Cal. 

Horlz. 
Cal. 

Load 
(Lb) 

Platfora Isolation 
Configuration  

40 
41 
42 

43 

44 
45 
46 
47 
48 
4» 
50 
SI 
52 
53 
54 
55 
56 
57 
58 
59 
60 

5 20 100 
5 5 100 
5 20 100 

5 5 100 

5 20 200 
5 20 200 
5 5 200 
5 20 200 
5 5 200 
5 20 200 
2.5 5 200 
2.5 20 200 
5 20 200 
5 5 200 
5 5 200 
5 5 200 
5 5 200 
5 20 200 
5 5 200 
5 20 200 
5 5 200 

DAVIOC less Inertia bar 
QAVIcc less Inertia bar 
DAVIOC Inertia wgt. 
Inboard 
DAVI« Inertia wgt. 
Inboard 
DAVlor 
DAVIoc 
DAVIoc 
DAVIoc 
DAVlor 
DAVIo: 
LAVI« 
DAVIoc , offset eg 
DAVlor , offset eg 
DAVIOC , offset e.g. 
DAVIOC , offset eg, 
DAVIOC , offset eg, 
DA VIGC . offset eg, 
Spring Haass, offset eg. 
Sprlng-aass, offset eg. 
Sprlng- ■ass, offset eg. 
Spring- «ass, offset eg. 
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' j g u r - l 2 . D ~ VI CS: I s o lat e d Pl a t f orm r o p T s t. 
200-~ound Central Ce nt e r o f Gr a v ity 
5-1/2-g Input 

Figure 103. DAVIOC Isolated Platform Drop Te t 
200-Pound Central Center o f Gra v ity 
7-g Input 
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Fig'ure 104 . DAVI 0:. Isolated P l a t f orm Dro p T '~: 
200-Pound Centra l C nter o G · ::vi. Ly 
v-g Input 

F i g ure 10 5 . ' VI CJ=. I s ol a l d P l t f orm D 1·o ) T• ~ ~ 
'2 0 - PoundCc1lral Cen r o f I' t '- • t v 

1 1-g Input 
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o f ' r a v "i.L y 

Figure 107. DAVI ~ I s ol ated Plat fo rm Drop T . t 
.00-Pound Of fset Cent r o Gr ~ v t y 
5-1/2-g Input 
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•i gu r 10 ' . VI (]C. I ol t d la t 
200-Pound Off et CcnL 
10-g In2ut 

r J ro ·, '. · . ..,' 
r o ~ · :l v J L:: 

Figure 109. DAVI OC Isolated Platform Drop T .· L 
200-Pound Offset Cent e r of Gravi t y 
10-g Input 
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Figure 110. DAVI~ Isolated Pla t f orm Drop Test 
200-Pound Offset Center o f Gra v it y 
11-g Input 

Figure 111. Spring-Mass Isolated Platfo~ Drop Te~t 
200-Pound Offset Center of Gravity 
12-C IDput 
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Figure 112. Spring-Mass Isolated Platform D,o p T t ~ t 
200-Pound Offset Center o.f Gravll ' 
15-g Input 
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TABLE 45 

SUmiAKY OP TRAN8MI88IBILITY TB8T RI8ULT8 

PIGURI 

PLATFORM 
I8OLATI0M 

COMPIGURATIQM C. G. 

TRAHSIIISBIBILITV 
(OUTPUT/IMPUT) 

LOW MODI        HIGH MODI 

103 OAVI oc N«utral .357 .715 

104 DAVlcr N«utral .312 .762 

105 DAVicr Nsutral .227 .820 

106 OAVIOt N«utral .266 .600 

107 QAVIOC 3" OffMt .226 .565 

100 DAVIOC 3" OffMt .250 .700 

111 8prlog-Mass 3" OffMt .455   

112 Bprlng-Mmss 3" OffMt .433   
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FATIGUE STRENGTH OF DAVI MODELS 

Th« crucial ItMM In the DAVI aodels are the f lexural 
croM-sprlng pivots shown In Figure 115. Except for the 
coll springs, these pivots are the only components sub- 
jected to oscillatory flexure while under a steady load. 
The flexural pivots are utilized In such a Banner that 
they will be the highest stressed coaponents In the DAVI. 

Largely because of the extensive esplrlcal stress Investi- 
gations and lengthy analyses that would be necessary If 
an entirely new flexural pivot design «ere to be used In 
the DAVI, It was decided to use commercial flexural pivots 
on which there was an existing body of qualifying fatigue 
data. 

The Utlca Division of the Bendlx Corporation empirically 
obtained the curve shown In Figure 113 for the type of 
flexural pivot used In the DAVI. This pivot was decided 
upon after several lengthy discussions between Kaman en- 
gineers and Bendlx stress engineers. The type of loading 
which resulted in the curve in Figure 113 is not precisely 
representative of the loading condition of the DAVI pivot, 
primarily in that the vertical radial loading is oscilla- 
tory in the DAVI while the curve is based on steady 
vertical radial loading.  It was the opinion of Bendlx en- 
gineers, based on previous experience, that the curve «as 
sufficiently representative for the magnitudes of DAVI 
vertical loads.  Independent testing at Kaman confirmed 
their expectations. 

Because the "dead load" on the DAVI units is carried by 
the coll spring, the vertical radial load on the pivots 
is vibratory, and the magnitude of this load is a function 
of the vibratory angle and the DAVI spring rate. The line 
relating vibratory angle to vertical load is drawn on 
Figure 113, and it is seen that this line intersects the 
indefinite life curve (determined by Bendlx) at slightly 
under six degrees. 

To assure sufficient fatigue data, Kaman tested ssvsn DAVI 
models, including twenty-eight pivots, in fatigue. The 
results of this testing, shown in 8-H form In Flgurs 114, 
indicate that the Bendlx curve is sufficiently accurate 
for this application. 
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-1 
Th« dashed line In Figure 114 shows the vibratory angle 
above which 69.87 percent of expected failures would occur. 
This line was calculated by subtracting three tiaes the 
standard deviation of the vibratory angles of failed units 
froa a aean line through the points. This line appears to 
asyaptotically approach a vibratory angle of six degrees, 
*Yhich agrees quite well with the endurance liait of approxi- 
■ately six degrees as found using Figure 113. 

I 
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PIVOT DIFLBCTION 

VIBRATORY LOAD 

VIRTICAL LOAD - STEADY LOAD + VIBRATORY LOAD 

> 

PIVOT DIAMETER - 0.625 INCHES 
MAXIMUM PIVOT DEFLECTION - ±15 DEGREES 
DESIGNED VERTICAL LOAD  - 220 POUNDS 

LOCUS OF PIVOT LOAD CONDITIONS 
FOR TESTED DAVI OC 

35,000 CYCLES 

0       20      40       60     80 

DESIGNED VIRTICAL LOAD PER PIVOT - PERCENT 

100 

■■ ■ 

' i 

! 

1 \ 

■ f 

Figur« 113. Fatigu« Character1stics of DAVI Flaxural Pivots 

246 



D     M 

I I 
0 

«0 

K 

« 

d 

i 
> 

s 
VI 

«0 

^ 

M e^ io 

•DM * MOIXOrUia XOAId 

247 



U) 

Figur« us.  Flexural Pivot 
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CONCLUSIONS 

Fro« th« results of analysis and sodsl testingy the follow- 
ing conclusions can bo sad«: 

1. Correlation of the analytical and test results was 
excellent. 

2. The Dynaaic Antlresonant Vibration Isolator configura- 
tion (DAVI oc ), analysed and tested under this contract, 
is capable of over 98-percent isolation at its tuned 
frequency. 

3. To obtain a 98-percent isolation at 10.5 c.p.s. on a 
conventional isolation systes would require a static de- 
flection of over 20 tises that obtained on the DAVI oc 
configuration. 

4. The test results of a normal spring-nass system of 
essentially the same spring rate show an amplification 
of 10 at the same frequency that the DAVI <? nad 98-percent 
isolation. 

5. The analysis and test results show that the amount of 
weight on the DAVI a platform or on the DAVI isolated seat 
did not change the tuned frequency or appreciably affect 
the amount of isolation, thus showing the capability of the 
DAVI as an isolation system for cargo pallets or pilot and 
passenger seats on which the isolated weight would vary. 

6. Analysis and test showed that the DAVI oc gave high 
frequency transmissibility approaching a finite value of less 
than 1.0 and can be designed to be less than 0.2. 

7. In the process of testing, the weight of the DAVI oc 
was reduced by approximately 50 percent by changing the 
ratio of R/r, thus showing the DAVI can be designed very 
efficiently to give a minimum weight penalty. 

8. Analysis and test show that the Series-Damped DAVI 
(DAVI 'T ) im  capable of 98-percent isolation at the tuned 
frequency of 10.5 c.p.s. and high frequency isolation 
approaching sero as in a conventional Isolator. 
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9. Analysis and Unt show that th« DAVI ot has bsttsr 
shock transalsslblllty charactsristics for its fundaasntal 
sod« than a convtnttonal isolator with ths saa« spring 
rats, 

10. Analysis and tsst on ths offsets of daaping in ths 
pivots show that sinisua daaping givss ths bsst isolation« 

v 
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RBCOMMSN DATIONS 

R««ults of th9  «tudl«« aad« un<tor the contract load to 
Mvoral roeonMndatlona, fro« which lapro^od DAVI charnc- 
toristlcs «ay bo dorlvod. 

1. A flight toot prograo ohould bo conductod on tho DAVI 
platfom and/or on a DAVI ioolatod copilot*o ooat inotallod 
in an Aroy CH-47 or UH-1 holicoptor to dotoraino ita opera- 
tion undor an actual vibratory environaont. 

2. Ifurthor analyoos and drop toots should bo conductod to 
dotoraino aoro proclsoly tho aourco of the high frequency 
■hock tranaaittod by the present DAVI configuration of this 
contract and to dotoraino design aoans of eliainating this 
undesirable characteristic. 

3. It is also recoaaonded that both an analytical and 
aodol teat paraaotric atudy bo aade on the present DAVI 
configuration (DAVI or ) to dotoraino tho relationships 
aaong nomaliaed frequency, high frequency transnissibility, 
bar aaaa and inertia, isolated aass, static deflection, and 
antiroaonant frequency. 

4. Both an analytical and a aodol test prograa should 
be conductod for a two-dlaonsional nonisotropic DAVI or 
configuration. 

Ö.  It is suggested that both an analytical and aodol test 
prograa bo considered on three other arrangeaenta of pivots 
in tho DAVI configuration, designated the DAVI/d , DAVI O', 
and DAVI </*, which retains tho desirable features of the 
DAVI OC and obtains high frequency isolation approaching 
aoro as in a conventional isolation systea. 
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